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• We bring you two magazines in one in this issue of 
Farm & Home Research. One is a brief annual report, 
covering the year which closed (for us) June 30, 
1977. The other consists of articles we hope helpful 
to you. These articles contain the results of certain 
experimental projects, several of which focus on 
energy. 
Our very first appropriation back in 1887 from the 
federal government to run the Agricultural 
Experiment Station was $90,000. This year the 
federal portion of our budget is nearly $1.4 million. 
Only the original $90,000 is free of restraints. All of 
the rest must be matched with state money. An 
annual report showing our budget is one of the 
requirements of receiving federal funds. 
We view this as an opportunity rather than as an 
obligation. It is an opportunity to be accountable to 
you for the monies that have been appropriated for 
agricultural research , to tell you, project by project, 
what we are doing to make life more comfortable and 
more satisfying for you in South Dakota. 
Our advisory board members are also listed. The 
citizen members of these boards continue, by their 
counsel and advice, to help us do the kind of work 
relevant to South Dakota. We currently have seven 
field stations (five of them with boards of local 
citizens) plus cooperative work at a USDA research 
farm and on farms and ranches throughout the state. 
The records show that 12 other research farms have 
operated during the past 90 years but have been 
closed because the primary objectives for their 
establishment were solved. 
Sometimes it appears to the casual observer that 
we at the Agricultural Experiment Station may be 
working on projects that have little impact on a 
practical South Dakota agriculture. 
But every once in a while, one of these projects 
becomes very important. "Energy" is an example. 
Energy is a very old concern of ours-Bill 
Peterson, Extension ag engineer, pioneered some of 
the earliest research work on using solar energy to 
dry grain, beginning this work some 20 years ago. 
With lots of inexpensive energy around at that 
time, his work didn't cause big headlines. But now 
we all are reaping big dividends on the investment 
which you as taxpayers made in that project 20 years 
ago. It's been interesting listening to Bill , Mylo 
Hellickson, Harvey Young, Darrell DeBoer, Gary 
Buller, Rod Devine, and others as they get together 
to brainstorm new researchable ideas on energy. 
Twenty years from now (or much sooner, depending 
on how urgently the public wants results and funds 
the research) some of those ideas may again bear 
fruit for all of us. A wild, far-out idea now; a working, 
economical supply of energy in the future. 
Research on energy utilization and conservation is 
a part of every department in the College of 
Agriculture. Trees , for example, are one of our few 
renewable sources of energy. Our shelterbelts, 
which appear from the road to be healthy and 
productive, often are barked and cankered and dying 
when you walk among them. We have increased our 
research on the renovation of shelterbelts and 
windbreaks, and you will be reading about this in an 
upcoming Farm & Home issue. 
Three articles in this issue focus on energy on the 
farm-solar heat collectors to heat beef sheds in 
winter, to dry corn-or on ways to avoid using 
costlier energy by acid treating forage. Meanwhile, 
we continue our other research that is so important to 
you, and we bring you updates on alfalfa diseases, 
swine abortion, and corn rootworms. 
We initiate many of the ideas that result in 
research and benefits for South Dakota agriculture. 
You initiate others-through contacts with 
individuals on our campus and through membership 
on advisory boards and in many other ways. You are a 
part of our team, and we are happy to make this 
report to you. 
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A e ery pork producer know , a pig 
that doe n't make it from conception to 
weaning is money down the drain. 
Where the most money dribbles away is 
with abortion problems. 
Reducing abortion of pigs has been 
one of the prime target of researcher at 
e SD Animal Disease Re earch and 
·agno tic Laboratory at DSU. 
But before an abortion problem in a 
swine herd can be controlled, the cause 
must be determined and then suitable 
method for controlling the cause must 
be de eloped. As recently a 10 year 
ago, the major infectious cause of wine 
abortion were thought to b from 
bacteria. Though technique were 
developed to control problems 
associat d with bacteria, abortion 
continued. 
New technology and improved 
procedure , developed in up-to-date 
facilitie such a the Brooking -ba ed 
veterinary diagnostic lab in recent years, 
ha e helped to how that e eral iru e 
al o play important roles in abortions. 
Th di coveri are so new that methods 
for controlling viral causes of swine 
3 
abortion and vaccines remain to be 
developed. 
Reducing traffic between herds, 
however, remains a practice 
recommended by veterinarians for 
curbing exposure to both bacterial and 
viral infections. 
When practicing veterinarians in 
South Dakota are confronted with a 
pecial abortion problem in a sow herd, 
they frequently send aborted pigs, 
placentas, and blood samples -to the 
diagnostic lab for aid in finding the cause 
by post mortem. 
Dr. Clyde A. Kirkbride, veterinary 
diagno tician at the SDSU lab, and John 
P. McAdaragh, laboratory virologist, 
have examined 825 aborted cases sent to 
them by veterinarians the last 6 years. 
A summary of that 6 years of effort 
indicate that viral infection was found to 
be the cause of abortion in 21.9% of the 
·cases examined, bacterial infection wa 
found in 16.6% of the cases, and fungus 
infection was found in 0.4%. No 
infectious case was found in 59.4%, and 
in 0.8% of the cases abnormal fetal 
development had occurred. 
Leptospirosis, which can be 
controlled with proper immunization, 
was the bacterial infection most 
commonly diagnosed, according to 
Kirkbride, accounting for 9.8% of all 
abortion examined_ and 59% of all 
bacterial abortions diagno ed. 
Kirkbride says each of 10 other species 
of bacteria wa associated with from 1 to 
15 abortions. Control of mo t of these 
infection depends mainly upon good 
management, nutrition, sanitation, and 
proper administration of antibiotics. 
Both Kirkbride and McAdaragh advise 
producers that any wine purchased or 
returned to the herd from hows, etc. 
should be quarantined from the other 
animals for at least 30 days. During this 
time the animals should be examined 
frequently for signs of illne s, and at the 
end of quarantine they should be te ted 
and hown free of such infection a 
leptospirosis, brucellosis and 
pseudorabies. 
The other abortion causing bacterial 
agents li ted in the report included 
Esherichia coli, Corynebacterium 
pyogenes, Staphylococcus aureus, 
Paserella sp., Streptococcus sp., 
Pseudomonas sp., Erysipelothrix 
rhusiopathiae, Listeria monocytogenes, 
Bacillus sp., and Salmonella sp. 
Isolation of viruses from aborted 
fetuses i more difficult than isolation of 
bacterial agents, requiring sophi ticated 
techniques. As McAdaragh describes it, 
tubes of living cultures of four different 
type · of pig ti ue are inoculated with 
extract from each abortion pecimen. 
Then each tube must be examined for 
change in the ti ue culture after e ery 
24 hour of incubation. If within a week 
no change occurs, the pecimens are 
transferred to fresh tissue culture and 
An aborted baby pig in the mail means another post mortem for Dr. Clyde 
Kirkbride to perform. He has exam ined up to 10 fetuses a day, and says the 
volume is increasing. No diagnosis is made at th is point; the t issues must 
go on to bacterial and viral tests. The latter require 3 to 6 weeks. 
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the procedure continued. All cultures 
must be passed three times on each type 
of tissue before being considered virus 
free, so the process is not only lengthy, ~ 
is complicated. w,1 
Most bacterial examinations can be 
completed in a week or less while viral 
examinations require 3 to 6 weeks. 
Viruses are detected by the changes 
they produce on the growth of the tissue 
culture (scientists call it a cytopathic 
effect). When viruses are detected, there 
is even more detailed work ahead. Their 
identification involves additional 
specialized procedures including 
specific immunofluorescence and 
electron microscopy immune 
techniques. 
Enteroviruses were isolated most 
often-in 10.9% of the cases from 
aborted swine fetuses. Parvovirus was 
found in 4.8% of the cases, reovirus in 
4.4%, pseudorabies virus in 0.9 % and 
adenovirus in 0.8%. 
"Completely suitable methods for 
controlling viral causes of swine abortion 
have not been developed," says 
McAdaragh. "No vaccines are available 
for any of the agents, and development of 
them does not seem likely in the near 
future for several reasons. Swine 
breeders presently depend on 
developing immunity in their sows by 
exposing them before they 'are pregnant 
to all the areas and other swine on the· 
property. . , 
.. Maintaining a closed herd (keeping 
incoming pigs away from the sows and 
pigs on the farm) is a great help in control 
of these viral infections because many 
normal appearing swine are carriers of 
some potentially troublesome virus," 
says McAdaragh. D 
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ALFALFA 
Phytophthora 
Look for this disease 
stands in an alfalfa fiel 
G. Semeniuk and M. Rumbaugh, 
Plant Science Department 
Phytophthora root rot of alfalfa 
potentially is a destructive disease in the 
ditch irrigated heavy soils of South 
Dakota. It flourishes when such soils 
become waterlogged for more than 
several days, which is most likely in the 
low lying pockets of fields. 
It is nearly absent in non-irrigated or 
sprinkle irrigated fields except for 
drainage ways or low lying parts where 
water runoff from rain or irrigation 
saturates the soil for a time. 
The disease is common and 
destructive in similar situations in other 
parts of the United States. 
The causal agent is a water-loving, 
soil-born fungus, Phytophthora 
megasperma. Under prolonged wet soil 
conditions in late spring through early 
fall, the fungus may invade seedling 
roots and small and large branch and 
mainroots of older plants, usually 1-6 
inches below the ground line. 
This invasion eventually results in 
brown sunken lesions that may girdle 
and constrict the root with a soft rot that 
cuts the plant from its tap root (Fig 1, 2). 
~~ .is damage is not unlike that caused by 
r,files as these animals tunnel in the 
ground. 
Seedlings and young plants may 
quickly die from the damage; older 
Fig . 1. Field-infected alfalfa plants. Arrows point to phytophthora-rotted 
root portions: Main root in A; main root and lateral roots in B. 
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-· Fig. 2. Seven-month~old field plants (Ranger) transplanted for 2 months in 
potted soil in the greenhouse. Soil in B was infested with Phytophthora 
megasperma; that in A was not. Note the relative absence of fine root 
development on diseased roots in B compared to healthy roots in A, and the 
dark rotted areas on the roots in B where the fine roots emerged from the 
main roots. 
plants, depending the extent of damage 
to the various roots, may produce 
yellowed, wilted, and stunted top 
growth (Fig. 3) for one or more seasons 
before they die. Stand losses re ult. 
To date the disease in South Dakota 
has been present extensively east of 
Rapid City in fields irrigated by Rapid 
Creek water, south of Newell in fields 
irrigated by Belle Fourche River water, 
outh of Hot Springs in fields irrigated by 
Angostora Dam water, and at the 
Redfield substation in fields irrigated by 
James River water. In addition, it has 
been found in low lying parts offive 
non-irrigated field , one in each of five 
eastern counties: Charles Mix, Deuel, 
Kingsbury, Miner, and Yankton. It has 
been found in first-year alfalfa as well as 
in 2- to 4-year-old stands. 
Control of the disease should be 
directed toward minimizing prolonged 
flooding, preparing land surfaces for 
quick, uniform drainage, and using 
phytophthora resistant varieties. 
A 
• 
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Because this disease was identified 
only recently (1965) in the upper 
midwest, only a few resistant varieties 
have been developed so far. Among 
these are Minnesota developed Agate 
with 50% resistant plants and MN P-AS 
with 60% resistant plants. Resistance is 
also present in some proprietary 
varieties. Popular varieties such as 
Ranger, Vernal, Teton, Travois, and 
Ladak are highly susceptible to the 
disease, with less than 10% resistant 
plants. D 
Fig. 3. Comparative top growth of Ranger alfalfa seedlings in two 
phytophthora infected pots of soil (Band C), and in a non-infected 
pot (A). The soils in pots Band C were infected with different isola~ . 
of Phytophthora megasperma from field infected pla.,,.. 
6 
ALFALFA 
AMV 
AMV is elusive, doesn' 
produce symptoms, bu 
V. Korapaty and M. Rumbaugh 
Plant Science Department 
Most alfalfa fields in South Dakota are 
infected with alfalfa mosaic virus (AMV), 
and at least 13 different insect species 
carry and transmit the virus particles. 
This dise,ase is one of the primary 
concerns of the alfalfa breeding program 
at the Agricultural Experiment Station. 
AMV is the most common virus affecting 
alfalfa. 
It is seed-born and virus infected 
seeds often are the initial sources of 
AMV infection in alfalfa fields. 
Although forage yield losses due to 
AMV have not been documented for 
South Dakota, we believe AMV to be 
important because of its widespread 
occurrence. 
On the basis of national figures, annual 
alfalfa forage losses in South Dakota due 
to virus diseases have been estimated at 
approximately 182,000 tons, valued at 
close to $9.1 million. Of the nearly 20 
viruses that infect alfalfa, AMV is 
responsible for a large share of these 
losses . 
m mptoms are elusive 
ymptoms of AMV on alfalfa (Fig 1) are 
most prominent in spring and consist of 
yellow streaks between the leaf veins, 
wrinkling of the leaflets and stunting of 
the plant. But an infected plant may not 
always show these symptoms . An alfalfa 
field may have large numbers of plants 
which are infected without any obvious 
expression of the disease. If AMV is 
suspected, indicator hosts are used to 
determine the actual level of infection by 
AMV in such fields. An indicator host is a 
plant which always displays 
characteristic symptoms -upon infection 
by a particular virus. 
Kidney bean (Phaseolus vulgaris L.) is 
often used as an indicator host for AMV. 
Sap from the crushed tissue of an alfalfa 
plant is rubbed on the primary leaves of 
9- to 12-day-old bean plants. 
Characteristic AMV disease symptoms 
on the bean plant (Fig 2) consist of local 
Fig. 1. Typical virus disease symptoms on alfalfa are hard to 
separate out. Somet imes the p lant shows no symptoms at all, and 
an indicator host must be used. 
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Fig. 2 Alfalfa mosaic virus disease symptoms on bean plants 
(used as indicators) may be localized (left) or systemic (right). • • • 
lesions, vein necrosis, leaf distortion of 
infected leaves, systemic necrosis, and 
wrinkling of trifoliate leaves. 
Development of these symptoms on the 
bean plant indicates that the source 
alfalfa plant was infected with AMV. 
Fields are searched for resistant plants 
The development of AMV resistant 
alfalfa cultivars is considered to be the 
best and most practical method of 
controlling the disease. 
To breed such varieties, genes for 
resistance to the virus must first be 
discovered. Large numbers of alfalfa 
plants from the breeding nurseries and 
yield trial plots at Brookings have been 
tested for the presence of the virus. The 
search for AMV resistant plants has been 
done in older alfalfa stands in which 
plants naturally exposed to AMV have 
had a change to express resistance. Thus , 
a 5-year-old stand of 14 alfalfa varieties 
was examined to determine if cultivar 
differences in reaction to AMV existed 
and to isolate AMV resistant plants. 
Approximately 1,000 alfalfa plants 
were tested by using kidney bean as an 
indicator host. Each alfalfa plant was 
transferred to a space-planted nursery at 
Brookings and retained for future 
breeding purposes. Those alfalfa plants 
which did not cause AMV infection 
symptoms in kidney-bean plants may 
prove to be resistant to the virus. 
Although the amount of variation 
present in the experiment ruled out our 
obtaining statistically significant 
differences, the cultivars tested did have 
different incidences of the disease. The 
most susceptible variety discovered was 
Atlantic, in which 73% of the plants 
tested were infected with AMV. The 
variety Dawson had the least number of 
plants giving positive reactions for the 
virus when tested on kidney bean. Only 
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47 out of every 100 plants of this cultivar 
were found to be infected with virus 
particles. 
We now have a population of alfalfa 
plants which has been tested for AMV 
infection by bean assay. This population 
will be exposed for another year before 
resistant types are selected. Those alfalfa 
plants which failed to produce AMV 
symptoms on bean will have to be 
retested to determine if they do contain 
resistance genes. 
After an initial population of resistant 
plants has been developed, a procedure 
called recurrent phenotypic election 
will be initiated. 
We believe that any variety developed 
by use of these procedures will possess a 
high level of resistance to the most 
common virus disease of alfalfa in the 
state of South Dakota. An improvement 
in the production of hay and pasture 
forage for livestock should result. 0 
· R.M. Luther and L. 8. Embry, Animal Science Department, and 
J. F. Giles, research manage r, James Valley Rese rach and Extension Ce nter 
Recent concern about costs and availability of 
energy for drying corn grain at harvest has led to a 
search for alternative methods. Solar energy for 
drying or preservation with organic acids appear to 
be economical ways of handling wet com in the 
storage structure. 
But we haven't had enough information about the 
nutritional value of com subjected to the e 
treatments and fed to fattening beef cattle. 
So an experiment was run at the James Valley 
Research and Extension Center, Redfield, during 
the summer of 1976 to determine the feeding value 
of corn grain dried or preserved by different 
methods. 
Solar dried, acid treated, 
and conventional corn used 
Seventy-eight crossbred steers averaging 750 lb 
were allotted to six pens ofl3 steers each. Initial and 
final weights were recorded following an 18-hr 
ove rnight stand without feed and water. The steers 
were accinated against IBR (rednose) and 
Clostridium pp. (blackleg, malignant edema) and 
implanted with 36 mg zeranol at the start of the trial. 
9 
Whole shelled com harvested from the 1976 crop 
was stored in 1000-bu quantities in separate bins. 
Moisture content of the com at harvest was 24% for 
the solar dried and 17% for the conventionally dried 
corn and acid treated com. The com was harvested 
between November 3 and 10. Differences in 
moisture content were due to com varieties with 
differing maturity dates and dates of harvest. 
Conventionally dried corn was dried with natural 
gas at a local elevator. Solar dried com was stored in 
an experimental bin designed for drying with solar 
energy and equipped with a fan and motor. The acid 
treated corn was prepared by applying Grain Storer 
P at the rate of 1.3 gal per ton (36 bu). This product 
supplied propionic acid in an amount to permit safe 
storage up to 1 year. The acid treated com was stored 
in a granary bin of wood construction. 
The cattle were fed chopped hay and oats grain for 
about a month prior to the start of the trial. During 
the first2 weeks of the trial the cattle were gradually 
shifted to a full feed of whole shelled com wfrh 
limited hay. Hay consumption was reduced from 
11.5 lb to 2 lb of good quality, chopped 
alfalfa-bromegrass hay per head daily during this 
period. Hay consumption over the 106-day trial 
averaged 2.67 lb per steer daily. 
Each corn treatment wa replicated with two pe ns 
of cattle. The cattle in one replication received l lb of 
pelleted (¼ inch) supplement containing ground 
corn, ground limestone, trace mineral salt, and 
vitamin A to provide 20,400 International Units (IU) 
of vitamin A per steer per day. In the second 
replication, the cattle received no supplement but 
were allowed a free-choice mineral composed of 
ground limestone and trace mineral salt with added 
vitamin A to provide 34,000 IU per ounce. It was 
assumed, based on a previous experiment at this 
location, that the cattle would consume about 1/3 
ounce of mineral (8 grams) for a daily intake of about 
9,600 IU of vitamin A per steer daily. 
Gains were about the same 
Steer gains for the three types of corn were 
essentially the same, with the gains of cattle fed solar 
dried corn being only slightly lower than the other 
treatments (Table 1). Cattle fed solar dried corn and 
acid treated com consumed more feed than cattle fed 
conventionally dried corn. Differences in feed 
required per unit of gain were small, with the lowest 
requirements obtained with steers fed · 
conventionally dried corn. 
The corn treated with propionic acid was at a 
lower moisture level than was desired for this 
treatment. Therefore, the benefits observed in 
feeding high moisture com, either untreated or acid 
treated, which often result in improved feed 
efficiency over dry corn were not observed in this 
experiment. 
The weather at this location during the feeding 
period wa extremely dry, resulting in a natural 
decline in moisture content of the feeds fed. For 
example, the corn (all treatments) checked in early 
August contained 7 to 8% moisture. The whole corn 
Table 1. Conventionally dried, solar dried and acid treated 
corn for finishing steers (May 25 to September 8, 
1976-106 days) 
Conventionally Solar Acid treated 
dried corn dried corn corn 
Number animals 26 25* 26 
Avg initial wt, lb 776 773 776 
Avg final wt, lb 1083 1071 1090 
Avg daily gain, lb 2.90 2.81 2.96 
Avg daily feed, lb (as fed basis) 
Whole corn 19.31 19.52 20.16 
Chopped hay 2.67 2.67 2.67 
Mineral 0.027 0.085 0.052 
Total 22.007 22.275 22.882 
Feed/100 lb gain, lb 
Whole corn 648 677 663 
Chopped hay 92 95 90 
Supplement 17 18 17 
Mineral 1 3 2 
Total 758 793 772 
*One steer died of unknown causes. 
appeared to be hard and tough and may have 
resulted in reduced consumption. A considerable 
quantity of whole corn kernels were observed to pass 
through the animals. 
Corn consumption, however, was in the order of 
20 lb per steer. 
The gains were in the order of 3 lb per steer; this 
and the feed consumption indicate satisfactory 
performance for yearling cattle. Feed requirements 
ofless than 816 per pound of gain indicate efficient 
utilization of the whole corn. D 
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L. 8. Embry, Animal Sc ie nce Departme nt , and 
R. C. Ward, forme r resea rch manage r, 
James Valley Resea rch and Exte nsion Ce nte r 
Corn grain is frequently harvested at a moisture 
content too high for safe keeping under conventional 
grain storage conditions. Consequently, the grain 
must be either dried, stored under oxygen limiting 
conditions, stored to produce ensiled grain, or 
treated with an effective preservative to prevent 
spoilage during storage. 
Each of these methods is used for preservation and 
storage of com when harvested at a high moisture 
content (20 to 30%) and used for feeding livestock. 
Total feeding costs include storage structures and 
· losses in processing and storage. Comparative 
feeding values are also factors involved in choice of 
processing and storage methods. 
Several previous experiments have shown that 
feeding corn grain in the order of25 to 30% moi ture 
results in weight gain and feed efficiency equal to or 
slightly better than when feeding corn dried to a 
moisture content for safe keeping under 
conventional storage conditions. More research has 
been conducted with untreated grain stored under 
various conditions than with grain treated with a 
pre ervative. 
Recently, however, there has been considerable 
interest in treating high moisture grains a a means of 
• 
safe keeping for later feeding. O rganic acids, 
primarily propionic or a m ixture of propionic and 
acetic, have been shown to be e ffective for th is 
purpose. 
In the experiment reported here, cattle were fed 
high grain finishing rations with corn grain 
harvested at a h igh moisture and dried or treated 
with propionic acid. The grain treatments were 
tested with cattle with and without a 36 mg zeranol 
implant at the beginning of the experiment. 
Rations contained adequate protein 
For a period of 1 to 2 weeks prior to the 
experiment, 24 Hereford x Angus and 36 Hereford 
steers were fed about 516 per head daily of com grain 
and a full feed of alfalfa-brome hay. 
The steers were allotted into four pens of 15 each 
on basis of weight and breed group for two dietary 
treatments. Two pen of steers were fed com grain 
which had been dried by a local elevator. The other 
two pens were fed corn grain which was treated with 
propionic acid by a commercial applicator. Each 
kind of corn grain was fed to appetite in the whole 
form along with chopped alfalfa hay. · 
The hay was fed at 4 lb per head daily at the 
beginning of the experiment. The steers would not 
consume the 4 lb of hay daily when offered corn 
grain, and some remained in the feed bunks at the 
next feeding. The daily level was reduced to 3 lb. 
This lower level was consumed and was continued 
through the remainder of the experiment. 
The rations were considered to furnish an 
adequate amount of protein for cattle of thi weight. 
Therefore, no supplement was fed except for trace 
mineral salt and dicalcium phosphate offered on a 
free-access basis. 
About 2000 bu of wet com were treated with 
propionic acid and stored in an enclosed wooden 
com crib. The moisture content wa about 22% at 
harvest. The acid w'as added at a rate of 15 lb per ton 
of wet grain (0.75%). Storage was for about 8 months 
prior to beginning of the experiment. A similar 
quantity of com was dried at a local elevator. 
However, the corn received from the elevator was 
not the same a that delivered. The dried com wa 
stored in steel bins . 
At the beginning of the experiment, the steers in 
one of the pens from each grain treatment group 
were implanted with 36 mg zeranol. 
Ac id treatments similar, zeranol sh owed benefits 
The cattle were fed for a period of 189 days before 
marketing. 
Upon termination of the experiment, some cattle 
showed signs of vitamin A deficiency. Weight gains 
during the last month were somewhat low and rather 
erratic in comparison to performance on previous 
weigh days. It was considered that performance at 
158 days might more typically reflect comparative 
effects of treatments. Therefore, the data have been 
summarized on basis of weight and feed data for the 
experiment after 158 days (Table 1). 
I 
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Table 1. Corn preservation and implant treatments for 
f inish ing cattle (June 10 to November 15, 1974-158 days) 
Corn treatment Implant treatment 
Acid Dried Control Zeranol 
treated (36 mg) 
Number animals 29 29 29 29 
Init ial f il led wt,l b 648 650 651 647 
Final fi lled wt,lb 1058 1051 1037 1073 
Avg dai ly gain,lb 2.60 2.54 2.44 2.69 
Avg daily feed ,l b 
Corn 
As fed 21.98 18.36 20.06 20.28. 
Dry 17.58 16.47 
Alfalfa hay 3.39 3.40 3.40 3.39 
Feed/100 lb gain, lb 
Corn 
As fed 845 723 822 754 
Dry 676 622 
Alfalfa hay 130 135 139 126 
There were only small differences in rate of gain 
between the two treatment groups for acid treated 
and dried com. Those fed the corn treated with 15 lb 
of propionic acid per ton of moist grain consumed 
more corn. 
The average dry matter content of acid treated 
grain as fed was 80%, determined by oven drying. 
This represented an increase of two percentage units 
from the dry matter content when harvested. The 
grain appeared to keep well during storage, as 
evidenced by retention of color and the acid odor at 
feeding. The dried grain had an average dry matter 
content as fed of 86%. 
On basis of the dry matter contents as fed, the 
cattle fed the acid treated corn required 8.7% more 
corn dry matter per 100 lb of gain. Since the hay was 
fed at equal rates to both groups of steers and there 
were only small differences in rates of gain, the 
difference in feed requirements between com 
treatment groups was largely that of the corn grain. 
No measurements of shrinkage were taken for the 
methods of storage. 
Zeranol implant treatment results are also shown 
in Table 1. Rate of gain for teers implanted with 36 
mg zeranol exceeded that for implant controls by 
0.25 lb daily (10.2%) over the 158 days. The 
implanted steers consumed more corn daily but had 
lower feed requirements (8.4% less than implant 
controls). 
Other research data have often shown a more 
favorable response in feed efficiency for high 
moisture corn, untreated or acid treated, in 
compari on to dried corn than obtained in this 
experiment. Further compari ons are planned 
between acid treated and dri d com for finishing 
cattle with measures of shrinkage under the different 
methods. D 
H. H. Voelker, 
Professor, Dairy Science D eparhnent 
South Dakota is a major small grain 
producing state, ranking among the 
leading states especially in oats 
production. Much' of the small grain is 
harvested for grain; however during dry 
years, farmers with livestock may need to 
stretch forage supplies by making small 
grain silages. 
Oats, barley and wheat may not have 
the same moisture and nutrient 
requirements for growth at the same 
time. Wheat, for example, has the lowest 
moisture requirement. Or certain 
specific plant diseases may strike one 
crop while another may have resistance 
to the disease. Therefore, a combination 
of crops may result in survival of the 
fittest and produce more feed than one 
crop grown alone. 
Small grain crops contain different 
proportions of nutrients at different 
stages of maturity, generally decre.asing 
in protein and increasing in fiber as they 
mature. On the other hand, total dry 
matter and total energy per acre increase 
with increasing maturity. 
With these concepts in mind~ the 
objectives of this research were to 
determine yields and feeding value of 
silage cut at boot and dough stages, and 
to study new seeding stands resulting 
when alfalfa is planted with the 
companion silage crops. 
A 37-acre field was planted to a 
combination of 33% barley, 41 % wheat, 
and 26% oats by seed weight for a total of 
72 lb per acre. Haylage Maker alfalfa was 
planted over half of each field, and 
Vernal alfalfa was planted over the other 
half. The field was again divided, with 
two plots harvested at boot and two plots 
harvested at dough stage of maturity. 
Crops were harvested at low moisture 
(52 to 61 % average) and stored in 
oxygen-limiting silos for feeding. 
Yields were higher for dough stage 
Plant heights at boot stage on June 12 
were barley, 20 inches; wheat, 21 inches; 
and oats, 22 inches. At dough stage on 
July 16 the barley averaged 36 inches; 
wheat, 38 inches; and oats, 40 inches. 
The proportions of barley, wheat and 
DOUGH B001 
Definitions of dough and boot vary, 
depending on the crop. For this 
experiment, boot was the stage 
when, on looking down into the top 
leaves, you cou Id see the heads 
coming through. Dough stage fell 
between milk and hard kernels. 
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oats as planted and as harvested at dough 
stage are shown in Table 1. 
Table 1. Changes in proportion of barley, 
wheat and oats from planting to harvest 
Planting Harvestln Change . 
(%) 
Barley 33 49 +16 
Wheat 41 28 -13 
Oats 26 23 - 3 
Barley increased in proportion by 
16%, whereas wheat decreased by 13%, 
and oats remained about constant. This 
suggests that the barley had the highest 
and wheat the lowest competitive ability 
of the growing plants. 
Yields of the silage cut at boot and 
dough stages are shown in Table 2. 
Table 2. Yields from boot and dough stages of 
barley-wheat-oat silages 
Stage of Maturity 
Date of Boot Dough 
cutting for Cutting As Dry As Dry 
silage no. harvested basis harvested basis 
(tons per acre) 
June 14 1st 2.5 1.1 
July 8 1st 4.5 2.1 
July 17 2nd 1.2 0.6 
Totals 3.7 1.7 4.5 2.1 
The second cutting included some 
newly seeded alfalfa. Several good rains _ 
after boot cutting helped make a secor.-....\ 
growth. Total dry matter yield was abo~ 
23.5% higher for silage cut at dough stage 
of maturity than for silage cut at boot 
stage of maturity . 
New alfalfa seeding growth was 
better for -boot stage cutting 
Two alfalfa varieties (Vernal and 
Haylage Maker) were planted across the 
~ ields as the small grain silage crops were 
planted. Dry weather in July resulted in 
some problems with survival of the 
young alfalfa plants. Counts of alfalfa 
plants per square foot were taken at 10 
different areas of each field at four 
different dates (Table 3). 
Table 3. Alfalfa new seeding plant density 
Dates of Dough or Vernal Haylage Maker 
alfalfa counts boot silages alfalfa alfalfa 
(Plants per square ft) 
July 29 Boot 6 9 
Dough 2 2 
Aug 15 Boot 13 16 
Dough 3 4 
Sept 16 Boot 10 15 
Dough 3 4 
Sept 30 Boot 17 16 
Dough 5 6 
The number of plants per square foot 
of Vernal and Haylage Maker alfalfa 
were similar. The boot stage cutting of 
silage resulted in better survival of 
alfalfa than dough stage cutting during 
the year of planting. Apparently, with the 
dry weather, early removal of the silage 
._,rop reserved the needed moisture for 9be alfalfa. The acres harvested at boot 
stage contained fewer weeds because of 
the two cuttings, which may also have 
made more moisture available for alfalfa. 
Composition and fermentation was 
different for boot and dough stage 
Table 4 shows the composition of boot 
and dough ~tage silages. 
Table 4. Composition of boot and dough 
stage silages 
Stage of maturity 
Boot Dough 
Moisture (%) 60.8 52.2 
Ether extract 3.67 
Crude fiber 24.39 
Crude protein 22.20 
Ash 11.06 
Nitrogen free extract 38.68 
Acid detergent fiber 28.71 
Carotene (mg per lb) 29.91 
pH 4.43 
(% dry basis) 
2.36 
27.94 
13.21 
7.62 
48.87 
35.16 
13.18 
4.11 
Ether extract, crude protein, ash and 
carotene percentages were significantly 
higher for the boot stage silage. The 
de fiber, acid detergent fiber and 
crogen free extract values were 
·significantly higher for the dough stage 
silage. The gross energy values for boot 
and dough silages were nearly equal. 
Table 5. Silage consumption, body weights, and milk production 
of cows fed boot and dough stage silages · 
Maturlt of silage 
Comparisons Boot Dough 
Silage per cow daily (lb) 
Silage dry matter per cow daily (lb) 
Change in body wt per cow daily (lb) 
Daily milk per cow (lb) 
45.1 
17.7 
+ 0.64 
56.6 
94.1 
36.6 
17.5 
+0.65 
52.4 
91.0 Persistency of milk production (%) 
Milk fat(%) 4.1 
3.4 
13.0 
3.8 
3.3 
12.6 
Milk protein (%) 
Milk solids (%} 
The dough stage silage appeared to 
ferment better than the boot silage, 
especially at the bottom of the storage 
structure, as the first few loads of boot 
silage were about 30% dry matter, which 
may be too low for proper small grain 
silage fermentation. 
Feeding trials showed best 
responses from boot stage 
A feeding trial was conducted during 
the following winter with 20 Holstein 
cows, paired for initial milk production 
and balanced for genetic groups. The 
cows were weighed for 3 successive days 
at the start and end of each period. The 
trial was 15 weeks with a 3-week 
preliminary period. Milk and feed 
samples were taken for analysis every 2 
weeks. Grain was fed at l lb/3 lb of milk 
produced. Results of the feeding trial are 
shown in Table 5. 
Silage dry matter consumption and 
body weight changes of the cows were 
similar with boot and dough silages. 
Daily milk production was 8%, or 4.2 lb 
per cow, higher from cows fed boot 
silage. This advantage of the boot silage 
can be explained partly because it is 
higher in protein and lower in fiber 
content than dough stage silage. Milk fat, 
protein, and total solids composition also 
were slightly superior from boot silage. 
The estimated milk prodl!ction per acre, 
however, was 4716 lb from dough and 
3944 lb from boot silage. 
A contemporary growth trial was 
conducted with 24 Holstein heifers, 
using the same silages. The trial duration 
was 19 weeks with a 2-week preliminary 
period, and the silages were the only 
roughages fed. Heifers consumed more 
boot than dough silage (Table 6). 
The way it sums up 
. When oats, barley, and wheat were 
planted together as crops for low 
moisture silage: 
1. Barley appeared more competitive 
under these conditions than oats and 
wheat, as it increased from planting to 
harvesting. Wheat appeared least 
competitive. 
2. Silage dry matter yield was about 
23.5% higher for dough than boot 
stage. Milk production value per acre 
was 19.6% greater for dough stage. 
3. New seeding alfalfa survived drouth 
better from boot than .dough stage 
cutting of silage during the year of 
· planting with the silage companion 
crop. 
4. Milk production per cow daily was 8% 
higher on boot silage. 
5. Heifer growth was also slightly 
superior on boot stage silage. 
6. Boot silage was highest in moisture, 
ether extract, protein, ash and 
carotene. Dough silage was highest in 
fiber and nitrogen free extract. 
7. Dough stage silage fermented more 
readily and appeared easier to wilt and 
handle for good silage fermentation. 
Average daily gains were about 5% 
higher for boot silage. Silage dry matter 
intake per pound body weight gain were 
very similar for boot and dough silages. 
Body measurements including wither 
height, chest depth, and chest 
circumference indicated greater skeletal 
growth on heifers fed boot silage. D 
Table 6. Silage consumption and weight gains of Holstein heifers 
fed boot and dough stage silage 
Comparison 
Number of heifers 
Silage per heifer daily (lb) 
Silage dry matter daily (lb) 
Average starting body wt (lb) 
Average daily gain (lb) 
Sila e d matter er lb ain lb 
13 
Stage of maturity 
Boot Dough 
12 12 
31.8 24.8 
12.6 11.6 
500 509 
2.0 1.9 
6.3 6.1 
INSECTS 
Rootworm Research 
An 'early ' population of rootworm larvae, 
more resist t to carbofuran than later -hatches, 
has been in South Dakota corn fields 
14 
Dave Walgenbach 
Entomologist 
Corn rootworms are the most serious 
insect in South D akota and midwestern • 
corn fields. a 
In South Dakota about 75% of the corn 
acreage is treated with a corn rootworm 
soil insecticide each year. Insecticidal 
costs and com rootworm damage in 
South Dakota vary each year, but in 1974, 
for example, reached an estimated $27 
million. 
New information is being obtained 
about corn rootworms in Agricultural 
Experiment Station research at SDSU. 
Early hatching larvae recently collected 
from the field may provide keys for 
better understanding of insecticide 
performance as well as potential new 
cultural methods for control. A 
surprising decline in western corn 
rootworm populations in 1977 ha not 
been of particular help to research, but it 
doe mean a new beginning with 
western populations of the insect. 
The western corn rootworm has been a 
serious problem on continuous corn, 
whereas the northern corn rootworm has 
been a more sporadic pest on first-year 
corn following small grain and flax. Since 
the mid-1960's com yield losses have 
been catastrophic because of 
inadequacies of insecticidal treatment 
and the unexplained failures or poor 
performance of leading compounds. 
Widespread failures of rootworm 
insecticides occurred during the early . ) 
1960's with presumed diazinon · ' 
resi tance ; and in the early 1970's with 
indicated r sistance to BUX. During the 
past 4 years a similar circumstantial field 
pattern was evident with carbofuran, and 
to a lesser extent with phorate. Field 
failures of com rootworm soil 
insecticides have generally occurred 
when the individual compounds have 
been used from 3 to 5 years 
consecutively. Thi situation strongly 
suggested that rootworm resistance to 
the widely used insecticides was 
involved. 
Insecticide resistance by corn 
rootworms at first was not widely 
accepted by entomologists. A great 
amount of difficulty and introspection 
was and is involved in determining 
rea ons for lack of corn rootworm 
insecticidal control, including resistance 
factors. 
Human error in application rates, 
calibration, and application techniques 
must be eliminated. In addition, the 
influence of abnormal weather 
conditions on the bioactivity of the 
insecticide has not been determined. 
The soil insecticides for rootworm 
control are generally applied at planting 
time and must remain effective in the 
soil until the rootworm eggs hatch. Th~ ) 
requires a oil residual activity of 5 to ~ 
weeks. 
General conclu ions ar that weather 
condition may cause fluctuations i~ 
performance of registered insecticides 
but not complete failure of the 
compounds. The monitoring of corn 
rootworm insecticide resistance was 
onducted on adults with mortality 
e termined at the end of a 2-hour period. 
These published data were not 
correlated with field performance of the 
• compounds, and insect susceptibility 
data taken 2 hours after treatment for 
several insecticides have been shown to 
be misleading. 
The corn rootworm project has been a 
labor-intensive project, with field plots 
of both registered and experimental 
chemicals at SDSU facilities and on 
growers' fields. Insecticide performance 
evaluations are conducted on corn roots 
that are dug, washed, and rated. 
A cooperative project between the 
Agricultural Experiment Station and the 
N orthem Grain Insect Laboratory 
started in 1975 to better understand the 
corn rootworm-soil insecticide 
interactions in the field and laboratory. 
Methods were established to bioassay 
field collected and laboratory-reared 
western corn rootworm larvae for 
monitoring insecticide resistance. Major 
advances from previous studies in other 
states include stipulations and 
supporting data that only larvae be used 
for soil insecticide resistance 
monitoring. Adult susceptibility data 
(LDso) taken at 2 hours were not static 
and have shown no correlations between 
•
, rval susceptibility and field 
_ rformance of the soil insecticides. 
i\.dult susceptibility data with a 48-hr 
mortality period should be used for 
monitoring the toxic levels of foliar 
applied insecticides. 
The susceptibility levels of the two 
major groups of insecticides have shown 
the carbamates to be more toxic to the 
adults, whereas the organophosphates 
are more to'xic to the larvae. 
• Left to right : Western corn rootworm. 
Southern corn rootworm. 
Northern corn rootworm. 
The results of these insecticide 
experiments on field collected and 
laboratory reared western corn rootworm 
populations showed that rootworms 
could develop resistance to carbofuran 
following continuous use of the 
insecticide. This data supported the 
rotational recommendation on use of 
insecticides from carbamates to 
phosphates. Field evaluations have 
shown that carbamates provide an 
improvement in performance when 
applied to the field with a phosphate 
treatment history compared to fields that 
have been continuously treated with 
carbamates. The repeated application of 
organophosphorus has shown deviations 
in field performance; however, 
resistance has not been substantiated 
under laboratory conditions. No 
apparent cross-resistance between 
compounds has been detected. 
An. exciting discovery was that early 
hatching larvae collected from the field 
and larvae reared in the laboratory 
showed much higher levels of resistance 
to carbofuran than later hatching larvae 
from the same populations. Sufficient 
numbers of this . early developing 
population have not been available to 
adequately test all rootworm 
populations; however, the few 
phosphate insecticides evaluated have 
been as effective on these as well as the 
later hatching populations. 
This "early" population tentatively 
explains why carbamates work better in 
the field following a phosphate 
treatment history and provides new 
direction for the cultural control of 
rootworms as a means of preventing 
resistance. The possibility exists that the 
early developing population is 
reproductively isolated in the field 
because of its emergence patterns. We 
also believe that the trend to earlier com 
planting dates by farmers in South 
/ 
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Dakota and the Midwest aided in a dual 
selection of the carbofuran resistant 
strain. Later planted corn would not have 
sufficient rootmass to allow large 
populations of the early hatching form to 
develop. Greater efforts to understand 
the natural mortality factors of this 
population in conjunction with the 
management of rootworm insecticides 
should be fruitful. 
The dramatic decline in western corn 
rootworm populations in 1977 has not 
been helpful from a research st_andpoint, 
but essentially provides a new 
beginning with western rootworm 
populations. Field collections of western 
beetles (the adult form of the rootworm) 
have been made to ascertain which 
population of western survived. 
Field degradation studies of the corn 
rootworm soil insecticides and their 
metabolites are also in progress to better 
understand the limitations of some of the 
compounds and to correlate persistence 
in the soil larval susceptibility values 
and field performance of the 
insecticides. 
The work will allow greater insight 
into the effects of differing weather 
conditions and soil types on the 
persistence of the compounds. 
Compilation of the biological and 
physical factors will place the 
insecticides into performance risk 
categories. 
To better understand the development 
of insecticide resistance, work is 
· underway to determine cholinesterase 
activity levels of the several rootworm 
species. Significant differences in 
enzyme activity levels have been shown 
among western, northern, and-- southern 
corn rootworms at three stages of 
comparison. D 
It takes atl kinds 
Two species -of com rootworms, and 
you sometimes may even find a third, are 
involved in South Dakota com fields. 
Larval forms are virtually impossible to 
distinguish, but the late-season adult 
beetle forms are easier: 
Western corn rootworm: Greenish 
insect with three black stripes down the 
back. This is the most destructive in 
South Dakota. 
N orthem com rootworm: A 
light-green colored insect without 
specific back markings. 
Southern corn rootworm: Greenish 
with black spots on the back. These are 
not found in high numbers in South 
Dakota. 
Insecticide nomenclature 
Here are examples of insecticides 
mentioned in this article: Carbamates: 
BUX, Furadan. 
Organophosphates: Counter, 
Dyfonate, Thimet, Mocap, Lorsban, 
Diazinon. 
Burruss McDaniel 
Entomology-Zoology D e partment, w ith 
Frank J. Shideler, Editor , Agric ultural E xpe riment Statio n 
Ever wonder what happened to the 
sod webworms that seemed to appear 
suddenly in 1974, causing heavy range 
grass losses in western South 
Dakota-pl us stirring up a bunch of 
questions? 
They're still out there, all 17 different 
species. And probably most of them had 
been there for ages before 1974. 
But the special conditions that caused 
populations of these grass consuming 
insects to erupt resulting in widespread 
damage haven't occurred since that 
_outbreak 3 years ago. It looked for a 
while that 1975 was going to be another 
year foe sod webworms because 
extremely heavy moth flights were 
observed in August and September 1974 
with the females laying eggs all over the 
place. Fortunately, heavy spring rainfall 
in 1975 allowed the grass to get ahead of 
and outgrow the sod webworm 
onslaught. 
E aste rn South Dakotans need not feel 
smug that these insects are only West 
River residents. Four out of 21 South 
Dakota species found so far have been in 
East River areas only, and heavy moth 
flights have been frequently seen in that 
region. Sod webworms are often found in 
lawns and golf courses. In these places 
they can more easily be controlled by 
"watering in" insecticide treatments. 
Treatment of sod webworms over vast 
areas of western South Dakota 
rangelands is virtually impossible 
because of the difficulty-and 
expense-of spreading and "watering 
in" control chemicals . 
During the 1974 summer grazing 
season, large section_s of Dewey, 
Ziebach, Corson, Haakon, Meade, 
Perkins, and Harding counties ~ere 
infested with several species of sod 
webworms. Native range in good 
condition often contained large damaged 
sections. Western wheatgrass was 
virtually absent in damaged areas. In 
areas of fields where the typical sod 
webworm tubes can be found in the sod, 
blue grama and buffalo grass 
(shortgrasses) appeared to be dead. 
The larvae are difficult to find in the 
sod. Moths are fairly easily spotted by 
noting the characteristic folding wings 
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close about the body while in repose in 
addition to a snout-like appendage. 
South Dakota's large areas of 
grasslands are a valuable resource that 
for years have been a part of Agricultural 
Experiment Station research at SDSU. 
Until the sod webworm blossomed in 
1974, however, and the South Dakota 
part of the IBP program in 1974, research 
on grassland insects was minimal. This 
has now been changed, and more 
research is underway on insects that 
attack large areas of grasslands-sod 
webworm being one. 
Western wheatgrass, one of the most 
important range standbys in the northern 
Great Plains, plays a part in the sod 
webworm story and illustrates some of 
the factors that favor or prevent major 
infestations. 
Studies have shown that western 
wheatgrass plants on good condition 
range emerge about a month earlier than 
western wheatgrass plants on 
comparable clayey upland soils in poor 
range condition. This factor points too. )) 
reason for appearance of sod webworrn / 
in pasture s in good range condition-an 
early food supply. Pastures in low range 
condition failed to recover in 1974 
because of their decline in maximum 
growth pattern. Other good condition 
astures observed in 1974 had early 
ergence and maintained their normal 
rowth period until July. 
Usually, sod webworms are relatively 
unimportant economically because, 
, unlike their relatives the corn borer, 
Indian meal moth, and Mediterranean 
flour moth, they only feed on native 
grass. The number of grass plants that 
sod webworm larvae feed on is large 
both in type or species and in specific 
amounts. The larvae or "worm" stage 
consume the grass and cause the 
damage. The different species of the 
insect in western South Dakota may also 
have a bearing on when, where, and how 
much damage is caused in any given 
year. 
Entomologists now studying more of 
the basic life style of sod webworms have 
established that in some species the 
early larval stages feed in early morning 
in contrast to later larval stages which 
begin feeding just before sunset and 
continue until about midnight. The 
quality of food may also be important in 
sod webworm population dynamics: 
spring outbreaks could be due to such 
factors as lighter amounts of oils, soluble 
sugars, starch, and cellulose, and low 
amounts of protein in the grass. 
Leaves from weakened plants, 
especially plants weakened by dry 
•
ditions, tend to be more nourishing to 
. ny sod we bworm larvae that feed on 
plant leaves. As the insect develops and 
grows, its food needs are increased. It is 
estimated that up to 70% of the material 
consumed is in the last larval stage. 
Entomologists must have the 
webworms in hand before they can make 
detailed studies. The larvae are usually 
in tiny, hard-to-find tunnels down in the 
sod. The adult moth forms fly, however. 
They have been collected in western 
South Dakota at night with light traps. 
Sweep nets are used during the day. The 
drawback to light traps was that sod 
webworms from forests, shelterbelts, 
and creeks as well as the open pastures 
would get into the traps. Part of the 
success of the studies is knowing which 
captured insect came from where or from 
what type of vegetation. With light traps 
this information is usually not 
available-it is sort of a "shotgun" 
approach. But the disadvantage of the 
sweepnet is that only smaller areas can 
be covered, and winds may keep moths 
from flying. 
Larvae are sometimes captured by 
removing a 4x4x4-inch soil sample and 
hand sorting it or by using special 
equipment. Even faster and better is use 
of adult females that deposit large 
numbers of eggs in a vial after capture 
either by light trap or sweep net. This 
also aids in identification of hatched 
larvae. 
In lab studies with newly hatched 
larvae none of the species could be 
reared beyond the third instar stage. 
Those larvae able to attain this stage all 
were feeding on clover rather than any of 
the grasses provided. 
Just how many larvae are there in a 
square yard? Generally, on native range, 
SDSU research entomologists have 
found fewer than 25 larvae per square 
yard. In four test plots in 1975, however, 
· an average of 75 to 100 larvae were 
found-and they apparently were not 
damaging the pasture. All plots were in a 
pasture with a combination of western 
wheat and buffalo grasses dominating. It 
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Sod webworms go through molts 
after each instar stage. The last 
instar is the hungriest, consuming 
70% of all materials they ever eat. 
was a range in high condition with a 
· heavy layer of mulch. The fact the insects 
were not damaging was that plants got 
going in early spring. In other words, 
insects couldn't eat enough of the grass 
under these favorable growing 
conditions · to make damage 
noticeaole. D 
Quality 
With the 
Yield 
Team will expand efforts 
to breed spring wheat 
for quality 
An expanded spring wheat breeding 
program at SDSU is now headed by 
Donald L. Keim, a spring wheat breeder 
for Cargill, Inc. since May 1974. 
A native of Texas, Keim received his 
BS degree from West Texas State 
University, his MS at Colorado State, and 
his PhD at Oregon State. 
According to Charles R. Krueger, head 
of SDSU's plant science department, the 
$50,000 appropriated by the 1977 
legislature for spring wheat breeding 
permits expansion of a program that was 
started in 1972. The South Dakota Crop 
Improvement Association strongly 
supported the additional funding of this 
research project. 
" A plant breeding program is a 
long-term effort that just can't be stopped 
and started as you'd tum a faucet on and 
off," says Krueger. "The earlier program, 
also largely legislatively funded with 
assistance from the South Dakota Wheat 
Commission, provided some of the basic 
equipment and facilities as well as 
personnel. The new program adds 
technical support that will enable us to 
. do more work on wheat quality 
evaluation while breeding for new 
varieties." 
Krueger adds that the spring wheat 
breeding program will continue to 
emphasize a team effort. Keim will head 
the team composed of Dr. George 
Buchenau, a wheat pathologist, and 
Kathleen Sellers, a plant science 
technician, both associated with the 
e·arlier project. 
"The grower looks at spring wheat 
production from the practical standpoint, 
which is high yield. He doesn't get paid 
for quality, at least at this point in time,"_ 
says Krueger. "Although our emphasis 
will be to boost yield, we will also be 
attempting to improve quality." 
Spring wheat breeding figured in the 
early history of SDSU Agricultural 
Experiment Station. For example, E. st 
McFadden, a former student, developed 
the variety Hope from a cross made in 
1916. Hope is involved in the parentage 
of many existing and widely grown 
varieties of spring and winter wheats in 
the world. 
During the past 5 years the breeding 
program narrowed down promising 
selections to six. Possible rust problems 
were seen in four of these in 1976. The 
remaining two are SD-2185 and 
SD-2273. More data are needed on 
SD-2273, but SD-2185 is being 
increased this summer with the option 
that if it meets rigid standards it will be 
released. 
SDSU plant breeders and pathologists 
believe that SD-2185 will come through 
so it can be named and released to 
certified seed growers next spring for 
further increase. It would be available on 
the market in 1979. 
SD-2185 is a standard height, awnless 
hard red spring wheat similar to Waldron 
in appearance and performance but 
without Waldron's sterility-ergot 
susceptibility. It appears to have better 
leaf rust resistance than Waldron, and 
there are good indications of improved 
protein. It is competitive with Waldron, 
Ellar and Chris and was entered in 1977 
Uniform Rust, Uniform Regional and , \ 
Crop Quality Council tests. ) 1 ' 
When the first spring wheat breeding · 
program was started in the early 1970's, 
South Dakota's acreage was estimated at 
1.5 million acres. Spring wheat is also 
likely to become one of the major crops 
under irrigation. D 
SDSU's Ag Experiment Station research on spring wheat 
breeding will continue to emphasize a team effort. Heading the 
team is Donald L. Keim (left), spring wheat breeder who recently 
came to SDSU. Other team members are Kathleen Sellers, plant 
science technician , and Dr. George Bucheanau , wheat 
pathologist. 
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,Mylo A. Hellickson, Department of Agricultural Engineering, with 
· Frank J. Shideler, Editor, Agricultural Experiment Station 
A low-cost, do-it-yourself type of solar heating 
system, used as a supplemental heat source in a beef 
confinement building, paid for itself in only about 2 
months of experimental operation during the 76-77 
winter heating season. 
Research by SDSU agricultural engineers also 
established that a vertical wall serves (especially in 
South Dakota) as a more efficient collector of solar 
energy than tilted collectors paralleling a roof slope. 
Sidewall collectors had an average hourly efficiency 
range of from 115 to 161 %. 
Total cost of construction materials was about 50 
cents a square foot, excluding labor. 
These were some of the findings in a research 
project using solar energy for supplemental 
"add-on" heating of an existing livestock 
confinement building at the Grain Terminal 
Association Feed Division's facilities at Ellis, about 
4 miles west of Sioux Falls. Researchers included 
David P. Yexley, SDSU graduate research assistant 
from Bradley; Mylo A. Hellickson, associate 
professor of agricultural engineering at the 
Agricultural Experiment Station; and William B. 
Witmer, livestock environment specialist, GTA 
Feeds. 
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The research was designed to compare 
efficiencies and total energy supplied by three types 
of low-cost, low-temperature rise bare plate solar 
collectors. These types were to be readily adaptable 
(as "add-on") to many livestock confinement 
buildings currently in use. 
· One of the three designs was outstandingly 
superior to the other two in virtually every category. 
This one was constructed on the vertical sidewall of 
an existing beef confinement building. A second 
design was constructed on the sloping roof of the 
building, and the third type was a combination of 
vertical sidewall and sloping roof. 
It was found that the sidewall collector alone had 
the highest average hourly efficiencies, r'anging from 
115% at 1 pm to 161 % at 4 pm. These efficiencies are 
the ratio of energy collected per unit area to solar 
energy on a horizontal surface. The collector, which 
covered a 12x9-foot section of the south wall and was 
the smallest in area of the three, also consistently had 
the highest average hourly heat collections per unit 
of area. · 
The efficiencies of the sidewall collector greater 
than 100% are explained by the fact that the incident 
angle of the sun is closer to being normal to a vertical 
surface during the winter months (December, 
January, February, March) in South Dakota than it is 
to being normal to a horizontal surface. In other 
------
words, the sun is low in the sky in South Dakota 
during winter, so a vertical wall solar heat collector 
becomes more efficient . . 
Although the solar collector experiments were at 
GTA' s beef research facility, information gained can 
also be applied to other types of livestock housing 
such as for poultry and dairy. The studies were done 
under actual production and climatic conditions. 
The east-west oriented beef confinement building 
at Ellis is framed construction 40x48 feet in size and 
houses six animal pens. Ventilation is provided by 
six exhaust fans about 6 feet above the slotted floor. 
Ventilation air is drawn into the attic over the north 
wall plate for summer and over the south wall plate 
for winter. 
The three types of solar collectors were 
constructed of 29-gauge corrugated aluminum 
roofing fastened to 2x2-inch vertical studs on the 
side wall and similar studs along the roof slope. This 
provided for a 1 ½-inch air space between the . 
building exterior wall and the collector surface. The 
38-inch wide aluminum roofing sheets were painted 
black on both sides with a commercially available 
flat black enamel. For research purposes sensors and 
recording equipment were attached at various 
places on the sheets. 
The 1 ½-inch space between the black collectors 
and the building wall ( or roof) contained the 
sun-heated air that was drawn into the building. This 
actually was ventilation air, and by preheating it 
with solar radiation its moisture carrying capability 
was increased, resulting in lowered humidity and 
improved environmental conditions within the 
building. 
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Collector A is located only on the sidewall, B only on the 
roof, and C on both roof and sidewall. A has already paid 
for itself. · 
The sidewall collector showed the highest 
temperature rise for all three collectors in the 
morning hours. The combination sidewall and roof 
collector had the highest average hourly 
temperature rise of 16.2 degrees (F) in the afternoon. 
Lower average hourly temperature rises of the roof 
collector or the combination roof-sidewall collector 
were explained by frequent frost and snow 
accumulations. 
In making cost comparisons, it was determined 
that the sidewall collector would pay 1.67 times the 
) 
~)). , 
These solar collectors are simply ~ 
aluminum roofing mounted on studs · 
on the outside of the building wall and 
painted black. 
• 
• 
• 
Pred icted energy savings per season in equ ivalent 
gallons of propane and ki lowatt-hou rs of electr icity 
fo r three types of solar heati ng systems 
Sidewall 
Rooftop 
Combination 
Kilowatt-hours 
4,016 
2,089 
2,397 
Gallons propane 
149 
78 
89 
initial capital costs of construction materials in 
energy savings, figuring an electricity rate of 2 cents 
per kilowatt-hour per season. Using propane gas at a 
cost of 30 cents per gallon, the sidewall collector 
would pay initial capital costs in construction 
materials in energy savings in 1.1 seasons. The 
comparative time for the rooftop collector to pay off 
would be 5.7 seasons, and for the combination 
rooftop-sidewall it would be 6.8 seasons. D 
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Any way you look at it, 
distributing Oah~ water 
is expensive. 
Burying the laterals 
adds to costs 
Opefl D.itch 
vs 
Buried Pipe 
S. T. Chu 
associate professor, 
Agricultural Engineering Department 
Extra land is left for production when irrigation 
water is distributed by buried pipe as compared with 
open channels. But will profits from that extra land 
offset the added costs of closed conduits? 
It won't, according to preliminary results of our 
study of O ahe irrigation al ternatives. 
Compared with open channels, buried conduits 
deliver water more efficiently, keep a more natural 
environment, and prevent the division of land into 
inconvenient parcels. And with properly installed 
underground pipe, farmers can keep land in 
production that would not be used with open 
channels. But the buried system requires more 
dollars for pipe installation and electricity for water 
movement. 
To check if the extra land left to production could 
offset the added costs of closed conduits, we studied 
Lateral A-1 
t 
I 
__________ i~~e!. ~~a1. ~- ___ . ____ _ J 
0 
Redfield canal 
Q Upstream point of a branch 
O A delivery station 
Scale in miles 
2 
Figure 1. Pipe network of Lateral A-1, West Lake Plain Area, Oahe Unit 
three branches in the water delivery system of the 
Oahe irrigation project. 
Three different sizes of networks were selected to 
determine if size influenced total cost per mile of 
pipe. As shown in the map (Fig. 1), the first network 
is in the Lateral A-1 in the West Lake Plaia area. It 
diverts water from the Redfield canal through feeder 
canal A and irrigates an area of 1830 acres. The 
second network is a branch of the Lateral A-1, 
covering 814 acres. The third network irrigates 465 
acres. 
With use of computers, we selected the most 
economical pipe sizes for all pipe sections in each 
network and determined the annual energy 
requirement for the pump. The computer program 
calculated the total cost of the pipe network, 
including annual operation and maintenance costs . 
The result is summarized in the accompanying table . 
From the table, you can see that the network size 
does not significantly change the total cost per mile 
of pipe. For smaller networks such as these, the 
pumping station is a dominant cost which doesn't 
decrease with these network sizes. 
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Table 1. Total costs of pipe networks 
Pipe network 
Electrical energy 
(kw-hr/acre/yr) 
Irrigated area (acres) 
Total pipe length (mile) 
Total cost/mile 
2 3 
185 157 171 
1830 814 465 
8.77 4.81 2.86 
$447,145 $362,385 $438,780 . 
Pipe network costs then can be compared with the 
average cost of open canal, which is an estimated 
$110,000 per mile. This leaves the total cost per mile 
of pipe in this study at about four times the total cost 
per mile of open canal. 
But how do pipe costs compare when the land 
occupied-by open ditches is put into production? On 
paper, we planted 100-bushel-per-acre com at $2 per 
bushel over the 50-100 ft wide ditches. 
The closed conduit system remains roughly twice 
the cost of open canal even when the extra land is 
used. D 
t 
Publications Off the Press 
• These publications were printed from May 
· 5, 1977, through August 31 , 1977. 
, FS 384 Oat Production in South Dakota (rev) 
FS 556 Grasshopper Control (rev) 
FS 656 Farming and Pheasants (rev) 
FS 659 Live Traps for Nuisance Animal Con-
trol 
FS 664 Public Services Available to Rural 
Residents 
FS 665 How to Survive a Heart Attack 
FS 667 Tomatoes 
• 
• 
FS 668 Right Time to Breed Cattle . 
FS 669 Does Industrial Development Lower 
Taxes? 
FS 672 Understanding Grief 
EMC 657 Solar Drying (rev) 
EMC 695 Poison Grain to Kill Ground Squ ir-
rels, Prairie Dogs, and Pocket Gophers 
EMC 736 Summary of Basic Changes in 
Federal Estate Laws 
EMC 740 Origin and Development of Fed-
eral Water Projects 
EMC 742 Leadership Principles 
EMC 743 Location and Retail Price of For-
age Crop 
EMC 750 Winter Wheat Varieties 
B 643 Lime Applications Seldom Benefit 
South Dakota Soils 
B 649 Commercial Bank Financing for In-
dustrial Development 
B 650 Local Public Finance Impacts of Rural 
Residential Developments 
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Contents 
Abortions in the swine herd .............. ... .. . ..... 3 
Profits dribble away when infections strike a pregnant sow. 
Viruses have been implicated, but discovery is so new 
there's still no answer except good management. Keep a 
"closed herd." 
Phytophthora ....... .............. ............ .......... .. ..... 5 
This root rot can seriously thin your stand of alfalfa, 
especially if you flood irrigate or have low lying areas in 
your field. Use resistant varieties, good drainage, and 
don't overirrigate. 
AMV ................................................................. 7 
The estimate is over $9 million lost yearly in South Dakota 
to alfalfa mosaic virus. A bean plant will always reveal the 
disease even if an alfalfa plant won 't. Scientists are 
working on resistant varieties. 
Feeding non-conventional corn . .. .. . . . . .. .. . . .. . . 9 
Solar drying or using acid to preserve corn for feeding 
will cut drying costs. Until now, however, we've been 
short of information on the nutritional value of these 
different treatments. 
Feeding wet corn ........................................... 10 
You can get around drying corn by treating it with acid. 
Feed efficiency and weight gains are as good or better as 
with conventional corn. Zeranol implants increased rate of 
gain. 
Three-grain silage .......................................... 12 
A combination of grains as a cover crop in new alfalfa 
may give more feed than one grain alone. Whether you 're 
looking for protein or more total energy per acre 
determines when you cut for silage. 
Rootworm research ....................................... 14 ~ 
The " early" hatch of corn rootworm larvae is more .,.. j 
resistant to carbofuran than later hatching larvae. This 
may explain why carbamates work better in a field that 
has a phosphate treatment history. 
Sod webworms .............................................. 16 
Native range in high condition gets the drop on sod 
webworms because the grasses get an early start. 
Webworms are still there, and still eating , but they can 't 
cause noticeable damage. 
Quality with the yield ...................................... 18 
The spring wheat breeding team has been enlarged , 
bringing closer the day farmers will get paid for quality 
as well as yield . 
Do-it-yourself heating ................. ................... 19 
A solar heating system you can build yourself will cut 
energy costs and pay for itself in less than a season. 
Put it on just about any livestock confinement building 
you have. 
Open ditch vs buried pipe ....................... ..... 21 
You ~an farm over a buried water system. Scientists at 
SDSU " planted corn on paper" to find if the profits from 
the farmed land wou Id offset the added costs of closed 
conduits for three branches of the Oahe irrigation 
project. 
PLUS 
The 90th annual report of the Agricultural 
Experiment Station • 
A second magazine is included in the center of our regular ~ 
issue. It includes our staff, the projects they are working 
on, and advisory board members. You can lift it straight out 
and have two magazines. 
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Contributions to Journals ______________ _ 
Agricultural Engineering 
Chu, S. T. 1976. Transient drainage equations 
for non-homogeneous soils. Submitted to 
Trans of ASAE for publication. 
--.1976. Water table response to a sequence 
of recharges. Submitted to Water Re-
sources Res for publication. 
--. 1977. Modified F factor for irrigation 
laterals. Accepted for publication in Trans 
ASAE. 
--. 1977. Infiltration during an unsteady 
rain. Submitted to Water Resources Res for 
publication. 
Otterby, M. A., and D . W. DeBoer. 1977. 
Economic analysis of multiple pivot irriga-
tion on a droughty soil. ASAE 77-2006. 
DeBoer, D. W ., and J. D . Melstad. 1977. Drip 
and sprinkler irrigation of carrots and on-
ions. ASAE 77-2013. 
Otterby, M.A. 1976. Crop yield and economic 
analyses of selected multiple pivot irriga-
tion schemes. MS thesis, SDSU. 
Melstad, J. D. 1976. Drip and sprinkler irriga-
tion of carrots and onions. MS thesis 
SDSU. ' 
DeBoer, D. W ., D. D. Broz , and J. L. 
Wiersma. 1977. Irrigation application 
depths for optimum crop production. Ac-
cepted for publication in Trans ASAE. 
--, and S. T. Chu. 1976. Application and 
economics of bi-level drainage. U. S. 
Committee on Irrigation, Drainage and 
Flood Control Paper. 
Otterby, M.A., and D. W. DeBoer.1976. Corn 
and alfalfa yields for multiple pivot irriga-
tion schemes on a droughty soil. ASAE 
NCR 76-202. 
Hellickson, M. A., W. H. Peterson, and D. P. 
Yexley. 1976. Solar energy for drying shel-
led corn and hay. Paper for 3rd annual 
UMR-MEC, Conference on Energy, Oc-
tober 12-14, Rolla, Mo. 
Christianson, L. L., and M. A. Hellickson. 
1976. Energy-climatic re lationships for 
beef and swine housing. ASAE 76-4530. 
Hellickson, M.A. 1977. Model study of build-
ing geometry and wind direction effects on 
ventilation characte ristics of open front 
buildings . Final report for Butler Mfg. Co. 
Research Grant, Agr. Engr. Dept. , SDSU. 
--. 1977. Non-tracking solar concentrators. 
Solar Crain Drying Conference Proc, 
January 11-12, University of Illinois, 
ASAE, pp 104-129. 
Yexley, D. P., M. A. Hellickson, and W. B. 
Witmer. 1977. Solar energy for supple-
mental heating of livestock buildings 
ASAE 77-8004. ' 
Koenig, T. J., M. A. Hellickson, and W. L. 
Roepke. 1977. Building geometry and 
wind effects on model open-front building 
ventilation, ASAE 77-4041. 
Christianson, L. L., and M. A. Hellickson . 
1977. Simulation and optimization of 
energy requirements for livestock hous-
ing. Trans of the ASAW 20(2):327-335, 
March-April. 
Koen_ig, T. J. 1976. Building geometry and 
wm~ ef~ects on model open-front building 
ventilation. MS thesis, SDSU. 
Yexley, D. P. 1977. Solar energy for supple-
mental heating of livestock buildings. MS 
thesis, SDSU. 
Jensen, L. L. 1976. An analog technique for 
soil-tool systems. MS thesis, SDSU. 
Durfee, J. R., C. E. Johnson, and P. K. Turn-
quis~. 1977. Elliptical cutter for forage har-
vestmg. Accepted in Trans of ASAE. 
Peterson, W. H. 1976. Agricultural solar 
energy systems-some considerations in 
their design. ASAE NCR76-305. 
--. . 1977. Solar collector orientation. Proc of 
Solar Grain Drying Conference Univer-
sity of Illinois, Urbana. ' 
--. 1977. Bin sidewall collectors. Proc of 
Solar Grain Drying Conference Univer-
sity of Illinois, Urbana. ' 
Turnquist, P. K., C. E. Johnson, E. A. Dowd-
ing, L. D. Kamstra, and C. R. Krueger. 
~976. Sampling techniques for hay quality 
m large hay packages. Trans of ASAE 
19(3):463. · 
Hoogestraat, A. G. 1976. Rotary soybean cut-
ter. ASAE NCR 76-102. 
Turnquist, P . K., and J . C. Thomas. 1976. The 
subjective response of .males to comfort 
under controlled tractor cab environment. 
Trans of ASAE 19(3):402-4. 
Thomas J.C., P. K. Turnquist, and C. E . John-
son. 1976. Heat transfer analysis of cooling 
in tractor cabs. ASAE 76-1048. 
Kaufman , K. R., P. K. Turnquist, and R. N. 
Swanson. 1976. Physiological responses 
and thermal comfort of subjects in a tractor 
cab. ASAE 76-1577. 
Turnquist, P . K. , C . E. Johnson, L. D. Kamstra, 
and C. R. Krueger. 1977. Moi sture and de-
nsity of large hay packages during field 
storage . ASAE 77-1044. 
Animal Science 
Carlson, C . W. 1976. What are the costs for 
poultry research? SDAE SAS Series 76-11. 
--, and C. J. Mountney. 1976. What are the 
scientist-year and publication costs for 
U.S. poultry research? Poultry Sci 
55:2015-2016. 
Chah, C. C., C. W. Carlson, G. Semeniuk, I. S. 
Palmer, and C. W. Hesseltine. 1976. 
Further investigation and identification of 
growth promoting effects of. fungus-
fermented soybeans for broilers. Poultry 
Sci 55:911-917. 
--, R. A. Nelson, C. W. Carlson, G . 
Semeniuk, I. S. Palmer, and C. W. Hessel-
tine. 1976. Fungus-fermented soybeans 
benefit the life cycle of Japanese qua··· 
(Cotumix coturnix japonica). Poultry S 
55:975-981. 
Guenthner, E., and C. W. Carlson.1976. Some 
effects of added copper and nystatin fed 
with low protein-low energy diets on the 
growth of turkeys. Poultry Sci 55:2040 
(Abstr). 
--, and --. 1976. Feed restriction studies 
with layers . SDAES AS Series 76-2. 
--, and--. 1976. Copper and nystatin for 
growing turkeys. SDAES AS Series 76-9. 
--, and --. 1976. Probiotics for broilers 
and turkeys. SDAES AS Series 76-10. 
Kang, C . W., R. A. Nelson, C. W. Carlson; and 
0. E. Olson. 1976. Calcium metabolism 
and egg shell quality in laying hens. 
SDAES AS Series 76-8. 
Kashani, A. B., and C. W. Carlson. 1976. Ef-
fects of strain response to low protein and 
amino acid supplementation. Poultry Sci 
55:2051 (Abstr). 
--, and --. 1976. Strain effects with low 
protein layer diets. SD AES AS Series 76-3. 
Nelson, R. A., and C. W . Carlson. 1976. Some 
effects of choline and biotin on force-fed 
caged layers. Poultry Sci 55:2070 (Abstr). ) 
--, and --. 1976. Fatty liver hemorrhagic 
syndrome in laying hens. SDAES AS 
Series 76-1. 
--, and --. 1976. Low protein grower and 1 
layer diets and their effects on reproduc-
tive performance. SDAES AS Series 76-7. 
--, and --. 1977. Effects of fat level in 
force-fed diets on production and live~ 
parameters. Fed Proc 36: 1143. 9J' 
Crandall, F . W. 1977. Growth promoting im-
plants for beef cattle. Proc Cottonwood 
Research Station Field Day, p . 19-21. 
Deutscher, G. H., and L. Blome. 1977. Calf 
production of 2-year-old Simmental-
Angus and Hereford-Angus crossbred 
cows. Proc. Cottonwood Research Station 
Field Day, p. 6-8. 
, C. A. Dinkel, and W.R. Trevillyan.1977. 
Calf production of Simmental-Hereford 
crossbreds compared to Hereford cows. 
Proc. Cottonwood Research Station Field 
Day, p. 9-11. 
Dinkel, C. A., D. A. Marshall, and V. L. Ander-
son. 1976. How did you fare in the market 
place? SDAES AS Series 76-24. 
Song, Hoon. 1976. Mathematical models of 
postweaning growth, feed intake and car-
cass composition of beef cattle. PhD 
thesis, SDSU. 
Embry, L.B. 1976. Whole or rolled corn grain 
fed at various levels to cattle on pasture. 
SDAES AS Series 76-15. 
--. 1976. Rumensin for growing and finish-
ing cattle. Proc. Twentieth Annual Cattle 
Feeders Day, p. 73-84. 
--, and R. N. Gates. 1976. Diethylstilbes-
trol, synovex or zeranol implants for finish-
ing steers. SDAES AS Series 76-16. 
--, and D. E. Overbay. 1976. Processing of 
oats in limited grain rations for wintering 
calves. SDAES AS Series 76-14. 
Gates, R. N., and L. B. Embry. 1976. 
Roughage quality and protein supplemen-
tation with high-concentrate rations for 
finishing cattle. SDAES AS Series 76-13. 
--, and --. 1976. Effects of monensin on 
dietary protein needs and nonprotein nit-
rogen utilization by growing feedlot cattle. 
SDAES AS Series 76-20, 
'
unn, B. H., and L. B. Embry. 1977. Zeranol 
and diethylstilbestrol implants for feedlot 
lambs. SDAES AS Series 77-7. 
Cogswell, C ., and L. D. Kamstra. 1976. The 
stage of maturity and its effect upon the 
chemical composition of four native range 
species. J, Range Manag 29:460-463. 
Kamstra, L. D., and P. K. Turnquist. 1976. 
Feeding measure quality oflarge-package 
hay by nutrients retained. Crops and Soils, 
June/July, p. 24. 
Kamstra, L. D., D. Ronning, and H. 
Schroeder. 1976. Delignification of pon-
derosa pine sawdust and bark by perox-
yacetic treatments. SDAES AS Series 
76-12:34-44. 
--, M. Singh, L.B. Embry, and L. Peterson. 
1976. Aspen material as a feed ingredient 
in ruminant rations. SDAES AS Series 
76-19:3-5. 
--. 1976. Utilization of crop residues and 
highly lignified waste products in winter-
ing rations for beef cows. Conf. on Cattle 
Feeding Opportunities in South Dakota, p . 
65-72. 
Aanderud, W. G., M. M . Dahl, L. D. Flake, L. 
D. Kamstra, J. D. Otta, P. A. Vohs, E. J. 
Williamson, and D. D . Dearborn. 1976. 
Farming and pheasants in South Dakota. 
CES FS 656. 
., Kamstra, L. D., L. B. Embry, M. Singh, J. 
Sharps, and J. Kranz. 1977. Utilization of 
aspen trees as a ruminant feed component-
Phase II . Animal Science Termination 
• 
Report. Old West Regional Commission, 
p. 1-70. 
bal, G. W., and R. C. Wahlstrom. 1976. 
Compensatory growth of swine following 
protein insufficiency. J Anim Sci 43:255 
(Abstr). 
--, and--. 1976. Compensatory growth of 
swine following protein insufficiency. 
SDAES AS Series 76-35. 
Luther, R. M., L. B. Embry, and J. F. Giles. 
1977. Effects of method of supplementing 
vitamin A on feedlot performance and 
blood and liver vitamin A levels in feedlot 
cattle. Progress Report, James Valley Ag-
ricultural Research and Extension Center. 
-- et al. 1976. Conventionally-dried, solar-
dried and acid-treated corn for finishing 
beef cattle. SDAES AS Series 76-17. 
-- et al. 1976. Effects of method of supple-
menting vitamin A on feedlot performance 
and blood and liver vitamin A levels in 
feedlot cattle. SDAES AS Series 76-18. 
--,--,D. F. Samuel,andL. F.Bush.1977. 
Methods of supplementing carotene and 
vitamin A to vitamin A-depleted sheep. 
Proc. SD Sheep Field Day. 
Plumart, P. E. 1976. Remote computer termi-
nal use in extension. Poultry Sci 55:2080 
(Abstr). 
--. 1976. A five-year summary of egg pro-
duction costs and income oflayer flocks on 
the SDSU flock record program. SDAES 
AS Series 76-6. 
--, and B. J. Bonzer. 1976. A five year sum-
mary of South Dakota egg production costs 
and income. Poultry Sci 55:2080 (Abstr) . 
Bonzer, B. J., and P. E. Plumart. 1976. A five-
year summary of egg production, feed 
costs and conversion. SDAES AS Series 
76-5. 
Wahlstrom, ·R. C. 1976. Using less soybean 
meal. Hog Farm Mgt, Oct, 1976. 
--. 1977. Feeding swine. Chapter in Lives-
tock Feeds and Feeding, D. C. Church. 
--. 1976. Vitamins, trace minerals and feed 
additives. SDAES AS Series 76-26. 
Wahstrom, R. C., and G. W. Libal. 1977. Dried 
blood meal as a protein source in diets for 
growing-finishing swine. J Anim Sci 44. 
--, and --. 1976. Effect of environment 
and floor design on pig performance. J 
Anim Sci 43. (Abstr). 
--, and--. 1976. Effects of energy source 
in late gestation on pig survival and per-
formance. SDAES AS Series 76-26. 
--, and --. 1976. Dehulled oats and hul-
less barley in diets of young weaned pigs. 
SDAES AS Series 76-27. 
--, and--. 1976. Supplemental vitamin D 
in pig diets. SDAES AS Series 76-28. 
--, and --. 1976. Effect of housing and 
supplemental dietary iron on performance 
of growing-finishing pigs. SDAES AS 
Series 76-29. 
--, and --. 1976. Blood meal and meat 
meal as substitutes for soybean meal in 
diets for growing-finishing swine. SDAES 
AS Series 76-30. 
--, and --. 1976. Evaluation of chelated 
copper as a growth stimulant in diets of 
growing pigs. SDAES AS Series 76-31. 
--, and--. 1976. High protein oats in pig 
starter diets. SDAES AS Series 76-32. 
Girard, J. L. 1977. Lysine and energy relation-
ships in growing-finishing swine diets. MS 
thesis, SDSU. 
--, G. W. Libal, and R. C. Wahlstrom. 
Lysine and energy levels in growing and 
finishing swine diets. SDAES AS Series 
76-33. 
Waller, S. S. 1976. Productivity of South 
Dakota rangeland. Abstract of Papers. 26th 
Annual Soil and Moisture Conservation 
0 
Clinic, p. 9. 
--~ and J. K. Lewis. 1977. Occurrence of CJ 
and C4 photosynthetic pathways in North 
American grasses. Soc for Range Manag 
Abstract of Papers. 30th Annual Meeting, 
p. 30. 
--, and J. D. Dodd. 1977. Liquid scintilla-
tion counting of calcium-45 in plant and 
soil material. Health Phys. 32:185-187. 
Levis, D. G., and A. L. Slyter. 1976. Factors 
affecting growth of ewe lambs. J Anim Sci 
43:230 (Abstr). 
--, and --. 1976. Oxygen consumption in 
hetero- and homospermic semen. J Anim 
Sci 43:293 (Abstr). 
Rommereim, D. N., and A. L. Slyter. 1977. 
Controlling time of birth in the ewe. 
SDAES AS Series 77-3. 
Slyter, A. L., and D. G. Levis. 1977. Effect of 
type of birth, breed of sire and postwean-
ing nutrition on growth of ewe lambs. I. 
Growth parameters. SDAES AS Series 
77-4. 
--, D. Morris and D. G. Levis. 1977. Effect 
of type of birth, breed of sire and post-
weaning nutrition on ewe lambs. II. Pro-
duction at 12 months of age. SDAES AS 
Series 77-5. 
--, and W. R. Trevillyan. 1977. Finishing 
systems for range lamb production. 
SDAES AS Series 77-6. 
Miller, H. L., A. L. Slyter, and R. Cator. 1977. 
Western South Dakota sheep demonstra-
tion project. SD Sheep Field Day Proc, p. 
49-54. 
Botany-Biology 
Chen, C. H. 1976. Vegetative propagation of 
the celery plant by tissue c·ulture. Proc SD 
Acad of Sci 55:44-48. 
-·-, N. E. Stenberg, and J. G. Ross. 1976. 
Rapid cloning of the big bluestem (An-
dropogon gerardii Vitman) by tissue cul-
ture. Agron Abst, p. 48. 
Goeden, Y. C. 1976. Chromosome constitu-
tion of the plants induced from callus cul-
ture of the daylily Hemerocallis flava L. 
MS thesis, SDSU. 
Haertel, L. 1976. Nutrient limitation of algal 
standing crops ii) shallow prairie lakes. 
Ecol 57(4):664-678. 
--. 1977. Effects of zooplankton grazing on 
nuisance algal blooms. Completion rept, 
Project A-047-SDAK, to USDI & WRI. 
Holden, D. J. 1977. Indians in a land called 
Promise. Nat Gardner 48:17. 
--, B. J. Ellis, and C. H. Chen. 1977. Clon-
ing native prairie plants by tissue culture. 
Proc 5th Midwest Prairie Conf. 
McMullen, C. R., W. S. Gardner, and G. A. 
Myers. 1977. Ultrastructure of cell wall 
thickenings and paramural bodies induced 
by barley stripe mosaic virus. Phytopath 
67(4):462-467. 
--, et al. 1977. Ultrastructure of com leaf 
tissue infected with the ND18 strain ofbar-
ley stripe mosaic virus. Proc SD Acad of 
Sci (in press). 
Stenberg, N. E. 1976. Cloning of Lilium lon-
giflorum and Andropogon gerardii by tis-
sue culture of leaf and floral parts . MS 
thesis, SDSU. 
--, C.H. Chen, and J . G. Ross. 1976. Initia-
tion of plantlets from cultures of leaf and 
floral parts of Lilium longiflorum Thunb. 
and L. philadelphicum L. Bot Soc of Am 
Absts, p. 16. 
Thoreson, B., and L. Haertel. 1976. LAND-
SAT imagery as an indicator of prairie lake 
algal blooms and water transparency. Proc 
SD Acad of Sci 55. 
Wassom, J. The use of plant tissue culture 
techniques for studying the morel mush-
room. MS thesis, SDSU. 
Dairy Science 
Bell , L. I., and J. G. Parsons. 1977. Factors 
affecting lipase flavor in butter. J Dairy Sci 
60:117. 
Parsons, J. G. 1977. Variations in milkfat tests. 
Dairy Science Update '77, CES. 
Satterness, D. E., J. G. Parsons, and J. H. Mar-
tin. 1977. A comparison of cottage cheese 
yields using culture and direct acidifica-
tion. Proc 72nd Ann Meet, Am Dairy Sci 
Assn 14,D22. 
Anderson, J. A., and J. G. Parsons . 1977. Free 
fatty acids associated with induced rancid-
ity in cream and butter. Proc of the 72nd 
Ann Meet Am Dairy Sci Assn 16, D41. 
Schingoethe, D. J., F. Ludens, W. L. Tucker, 
and S. K. Dash. 1976. Evaluation of dried 
whey in concentrate mixtures for lactating 
dairy cows. J Dairy Sci 59:1466-1470. 
Schingoethe, D . J. 1976. Feeding whey to 
nonruminants. Feedstuffs 48(29):33-34. 
--. 1976. Feeding whey to ruminants. 
Feedstuffs 48(31):18-19. 
Metzger, V. L. , R. J. Baker, and D. J. Sching-
oethe. 1976. Responses of rumen microf-
lora to high-concentrate low-roughage 
diets containing whey products. J. Dairy 
Sci 59: 1769-1775. 
Schingoethe, D. J. 1977. Feeding replace-
ment heifers . ~airy Science Update 77, 
CES. (Also reprinted in So. Dak. DHIA 
News, Apr., 1977). 
--. 1977. Feeding the dry cow. Dairy Sci-
ence Update '77, CES. 
--, J. A. Rook, and F . Ludens.1977. Evalua-
tion of sunflower meal as a protein sup-
plement for lactating cows. J Dairy Sci 
60:591-595. 
Ahrar, M., D. J. Schingoethe, and L. D . Mul-
ler. 1977. The feeding value of regular and 
heat-treated soybean meal for . lactating 
cows. Proc. 72nd Ann Meet, Am Dairy Sci 
Assn 66(P-2). 
Schingoethe, D. J. , J. G. Parsons, F. Ludens, 
W. L. Tucker, and H.J. Shave. 1977. Vita-
min E status of dairy cows fed stored feeds 
continuously or pastured during the sum-
mer. Proc. 72nd Ann Meet, Am Dairy Sci 
Assn 118(P-123). 
Spurgeon, K. R. 1976. Uses of whey in confec-
tionery, dairy, and other foods. Cultured 
Dairy Products J 2(3):8-13. 
--. 1977. Factors affecting milk quality and 
value: Added wate r. Dairy Science Update 
'77, CES. 
Voelker, H. H., and A. W. Halverson. 1976. 
Chemical composition and variability of 
some common feeds used in South Dakota. 
Proc SD Acad Sci 55:91-96. 
- - , D. J . Schingoethe, and L. D. Muller. 
1976. Alfalfa haylage gains from addition 
of dried whey. S. Dak. Farm & Home Re-
search XVII( 1) :3-5. 
--, and T . L. Schroede r. 1977. Effects of 
urea fertilization on yields and protein 
content of high prote in oatlage . p81 
(Abstr). ADSA annual meet . Supplement 
1 :J Dairy Sci 60: 100. 
- -, and F . C. Ludens. 1977. Effects on pro-
duction of selection of sires for high pre-
dicted differences for milk compared to 
selection for high predicted differences for 
type. p 184 (Abstr) ADSA Annn Meet Sup-
plement 1:J Dairy Sci 60:145. 
--. 1977. High protein boot versus dough 
stage barley-wheat-oatlage. Proc SD Acad 
Sci 56. 
--. 1977. Alfalfa haylage versus alfalfa hay 
for dairy cows. DSU-77-2. Dairy Science 
Dept. 
--. 1977. Alfalfa haylage versus alfalfa hay 
for dairy heifers and calves. SDU-77-3. 
Dairy Science Dept. 
Economics 
Aanderud, W. 1976. Management guide for 
planning a farm or ranch business. CES 
EC 716. 
--, and H. Allen. 1977. Market prices fornet 
profit. CES EMC 720-725. 
Allen, H. 1976. Costs per hour and per acre for 
machine operations. CES p 153. 
--, Eighmy, Jibben. 1976. Capital invest-
ment requirements for a 500, 1,000, and 
10,000 head cattle feedlot. ERR 001. 
Bateman; A. 1977. Local public finance im-
pacts of rural residential development. 
SDAES B 650. 
--. 1976. Do you want to live in the country? 
CES EC 714. 
--. 1976. Establishing campsite rental rates 
through management figures. CES EMC 
712. 
Benning, L., B. Bonzer, and P. Plumart. 1977. 
Egg production costs and returns. CES FS 
671. 
Daves, T. 1977. Commercial bank financing 
for industrial development. SD AES B 649. 
Leonard, W. 1976. Constitutional 
revisions-1976. p . 
, 1976. Constitutional 
amendments-perhaps you've just begun. 
CES FS 657. 
--. 1977. Beef referendum. CES FS 663. 
--. 1976. South Dakota constitutional 
amendments. CES EC 715. 
Morse, G. 1977. Does industrial development 
lower taxes? CES FS 669. 
--, and A. Bateman. 1976. Industrial de-
velopment: Citizens workbook for asses-
sing economic and public finance. CES 
EMC 715. 
Sogn, A. 1976. Acreage supply and distribu-
tion for grains grown in South Dakota. CES 
EMC 713. 
--. 1976. Grain marketing workbook. CES 
EMC 714. 
Entomology-Zoology 
Greichus, Y. A., A. Greichus and D. J. Call. 
1976. Care and growth of captive white 
pelicans. Avicultu~al Magazine 
82(3) :139-142. . 
Kantack, B. H., W. L. Berndt, and R. J. Wal-
strom. 1976. The alfalfa weevil and its con-
trol. CES FS 276. 
--, D. D . Walgenbach, and W. L. Berndt. 
1976. South Dakota Insect Newsletter, 
published weekly. 
McDaniel, B., D. K. Morihara, andJ . K. Lewis. 
1976. A new species of Tuckerella from 
South Dakota and a key with illustration 
of all known described species . Acarologia 
17(1) 274-283. 
--, et al. 1976. The famil y Teneriffiidae 
Thor, with a new species from Mexico. 
Ann Ento Soc Am 69(3):527-537. 
--. 1976. The mealybugs of Texas. 
(Hemoptera: Coccoidea: Pseudococ-
cidae). Texas Sci 24(3 & 4):485-518. -~ 
Rohani, F. 1976. Effect of manganous toxici~ J 
on certain blood parameters of sheep. M~ 
thesis, SDSU. 
Walgenbach, D. D., and G. R. Sutter. 1977. 
Topical LDso ranges of field collected and 
laboratory reared corn rootworms. Proc 
NC Branch Entomol Soc Am, Fargo . 
--, B. H . Kantack, and W. L. Berndt. 1976. 
Com rootworm control in South Dakota. 
CES FS 591. 
--. 1976. Comparative performance of com 
rootworm soil insecticides in locations 
with insecticidal treatment histories . 1976. 
Insecticide and Acaracide Tests, vol 1. 
--. 1976. Com rootworm insecticide evalua-
tions. 16th Ann Prog Rep, Southeast South 
Dakota Experiment farm. 
--. 1976. South Dakota insect survey report 
and losses. Mimeo Rep, National Distribu-
tion CEIR. 
--. 1976. Perspectives in entomology. Proc 
NC Weed Control Conf, Omaha. 
--. 1976. Com rootworm toxicology. Mon-
santo Research Seminar, St. Louis. 
--, and G. R. Sutter. 1977. Com rootworm 
susceptibility to insecticides. 29th Illinois 
Custom Spray Operators Training School, 
Urbana. 
--. 1977. Com insect problems with irriga-
tion. Irrigators Convention, Sioux Falls. 
Home Economics 
Deethardt, D. 1976. Noodles .. naturally. 
SDAES B 644. 
--. 1976. Crafty carp cookery. SDAES P .. 
646. ~ 
--, and W. A. Johnson. 1976. Noodles from 
whole grain flour. Presented at Ann Meet 
of Am Assn of Cereal Chemists , New Or-
leans. 
Rosen, J., and D . Deethardt. 1977. Bounty 
from the bin. SDAES B 648. 
Guild, L., and W. A. Johnson. 1977. Dietary 
effects on lipid metabolism: Interrelation-
ships between liver phospholipid frac-
tions and other effects. Proc SD Acad of Sci 
(Abstr in press). 
Sivers, C. R. , and L. 0 . Lund. 1976. The back-
side makes a difference . SD Farm ·and 
Home Res XXVII, (1):6-7. Reprinted. 
Horticulture-Forestry 
Collins, P. E. 1976. Chemical and mechanical 
maintenance. Proc symposium, Shelter-
belts on the Great Plains, Great Plains Ag 
Council Pub. No. 78. 
Klett, J. E. , and J. B. Gartne r. 1976. Effect of 
nitrogen form on mineralization in hard-
wood bark and soil. Wood Sci 8(4):267-271. 
Klett, J.E., and N. P. Evers . 1977. Welcome to 
McCrory Gardens. SDAES 9. 
--, D. Martin, S. Rhoads, and B. Gilles. 
1976. South Dakota 1976 nursery plant 
source list. CES EMC 704. 
Prashar, P., D. Martin, and J. Kle tt. 1976. Di- ti 
rectory of horticultural e nte rprises in 
South Dakota. SDSU. 
Klett, J. E. 1977. Deciduous shrubs for the 
Great Plain s. Am Horticulturist 56(3):~ 
35-37. ~ 
--. 1977. Ground cover junipe rs for the · 
Great Plains. Am Horticulturist. In press . 
--. 1977. New concepts in landscape design 
highlight South Dakota meeting. Am Nur-
seryman CXLV (8) 12,01-103. 
Nordstrom, P. E. 1976. The Bicentennial and 
the parks. SD Municipalities 43(1). 
~ - 1977. Book review of Outdoor Recrea-
,a, tion Planning by Alan J ubenville. J of 
Leisure Res 9(1). 
--. 1977. A study of parks and recreation in 
South Dakota. SDAES 15. 
Peterson, R. M., and D. M. Martin. 1977. Ap-
ples. CES FS 191. 
--, and--. 1976. Fruit cultivars for South 
Dakota. CES FS 398. 
--, and--. 1977. Growing strawberries in 
South Dakota. CES FS 344. 
--, and --. 1977. Growing raspberries in 
South Dakota. CES FS 345. 
Prashar, P., and D. Martin. 1977. 1977 vegeta-
ble varieties for South Dakota. CES FS 
489. 
--, and--. 1977. Tomatoes. CES FS 667. 
Martin, D., and P. Prashar. 1977. Exhibiting 
garden vegetables. CES 4-H 98. 
Microbiology 
Westby, C. A., and W. C. Tsai. 1977. Cellular 
morphogenesis of purine anabolism in 
Myxococcus xanthus. Abstr of Ann Meet 
Am Soc for Microbiology. ISN 0067-2777, 
pp. 167,177. 
Eide, E. L., and R. M. Pengra. 1977. Host 
range of rhizobia from native legumes. Am 
Soc for Microbiology. N37. 
Beck, B. A. 1977. Effects of Listeria hemolysin 
on mouse embryos. MS thesis, SDSU. 
Falken, M. C. 1976. Host specificity and nit-
rogen fixation by rhizobia from native 
legumes of South Dakota. MS thesis, 
•
SDSU. 
i, W. 1976. Purine-thiamine anabolism 
, . during cellular morphogenesis in Myx-
ococcus xanthus. PhD thesis, SDSU. 
. , 
Plant Science 
Auch, D. E. and W. E. Arnold. 1976. Effect of 
dicamba on soybeans and soybean prog-
eny. Proc NC Weed Cont Conf 31:33. 
Arnold, W. E. 1977. Variety responses to her-
bicides. Proc SD Crop and Pest Conf, 
Huron. 
Bonnemann, J. J. 1976. 1976 standard variety 
small grain trials. SDSU PS 28. 
--. 1977. 1976 grain sorghum performance 
trials. SDAES C 216. 
--. 1977. 1976 corn performance trials. 
SDAES C 217. 
--, M. D. Rumbaugh, and J. R. Johnson. 
1977. Alfalfa performance trials. 
1972-1976. SDSU PS 33. 
--, G. W. Erion, and A. 0. Lunden. 1976. 
1976 soybean performance trials. SDSU 
PS 29. 
Buchenau, G. W. 1976. Use of seed size in 
estimating wheat yield losses due to dis-
ease in small plot fungicide trials. Proc SD 
Acad Sci 55:113-117. 
--, J. D. Smolik, and D . E. Miller. 1977. 
Effect of tillage practices on diseases of 
spring wheat at Redfield in 1976. James 
Valley Prog Rpt PR-26-77. 
Williamson, E. J., E. Adams, R. Gelderman, P. 
Fixen, and P. L. Carson. 1976. Fertiliza-
on of sudan grasses, 1976. Eastern SD 
rog Rep 2. 
n, H ., P. Fixen, R. Gelderman, and P. 
Carson. 1976. Effect of fertilizer on yields 
of five oat varieties, Brookings Co. , 1976. 
Eastern SD Prog Rep 3. 
Pylman,R. W.,Jr., D. J. Reid,J. D. Colburn, R. 
Gelderman, P. Fixen, P. Carson, and D. 
Wiitala. 1976. Small grain variety-fertilizer 
trials for the Northeast District, Deuel Co., 
1975. Eastern SD Prog Rep 4. 
--, R. Gelderman, E. Adams, P. Fixen, and 
P. Carson. 1976. Effect offertilizers on the 
yields of five spring wheat varieties, Deuel 
Co., 1976. Eastern SD Prog Rep 5. 
Sraon, H., P. Fixen, R. Gelderman, and P. 
Carson. 1976. Effect of fertilizer on yields 
offive oat varieties, Deuel Co., 1976. East-
ern SD Prog Rep 6. 
Gelderman, R., E. Adams, E. Williamson, and 
P. Carson. 1977. Soil test-computerized 
recommendations. SDSU PS 34. 
Colburn, J. D. 1976. SD certified seed direc-
tory. 
--. 1976. Official seed certification stan-
dards for South Dakota. 
Fine, L. 0., and D. G. Shannon. 1976. Growth 
and composition of sudangrass on high-
calcium, low-magnesium soil. Agron J 
68:671-674. 
--, and P. D. Weeldreyer. 1977. Progress 
report: Reclamation and improvement of 
solodized solonetz (alkali claypan) soils. 
James Valley Res. & Ext. Center. 
--, and 0. E. Olson. 1976. Abstract: Chemis-
try in agricultural and food research prog-
ress at SDSU In: Abstracts, Am Chem Soc, 
Div of Agric and Food Chem. 
Adams, E. P., L.A. Derscheid, L. 0. Fine, and 
M. S. Argabright. 1976. Do you really want 
to remove crop residue? CES FS 655. 
Chang, M. P., W. H. Sill, Jr., and W. S. Gard-
ner. 1976. Resistance of corn to a SD iso-
late of wheat streak mosaic virus. Proc SD 
Acad Sci 55:80-84. 
McMullen, C. R., W. S. Gardner, and G. A. 
Myers. 1976. Light and electron micros-
copy of aberrant plastids in barley and corn 
leaf tissue systemically infected with 
ND18 strain of barley stripe mosaic virus. 
Proc of Am Phytopath Soc 3:251 (Abstr). 
Gardner, W. S. 1976. Plant health and man, 
environment and plant health: Two new 
elective plant pathology courses. Proc of 
Am Phytopath Soc 3:242-243 (Abstr). 
--. 1977. Air pollution effects on plants. 
Proc of SD Crop and Pest Conf Huron. 
McMullen, C. R., W. S. Gardner, and G. A. 
Myers. 1976. Cytopathology of cytoplas-
mic tubular aggregates, inclusion bodies, 
cell wall thickenings and paramural 
bodies in barley and corn leaf tissue sys-
temically infected with ND 18 strain of bar-
ley stripe mosaic virus. Proc of Am 
Phytopath Soc 3:236 (Abstr). 
--, et al. 1977. Ultrastructure of cell-wall 
thickenings and paramural bodies induced 
by barley stripe mosaic virus. Phytopath 
67:462-467. 
Geise, H. A. 1976. West River Crops and Soils 
Agr Res and Ext Center Ann Prog Rept. 
SDSU PS 32. 
Giles, J. F., A. E. Ludwick, and J. 0. Reuss. 
1977. Prediction of late season nitrate-
nitrogen content of sugarbeet petioles. 
Agron J 69:85-88. 
Johnson, J., and J. Minyard. 1976. Drought 
conditions in 1976 on Lower Brule Indian 
Reservation - a report to chainnan Michael 
Jandreau, Lower Brule Sioux Tribe. 
--, and --. 1976. Drought situation in 
1976 on the Crow Creek Indian Reserva-
0 
tion - a report to councilman Don McGhee, 
·Crow Creek Sioux Tribe. 
Nelson, K. L., J. R. Johnson, and R. Roath. 
1976 (rev). Range plants study and iden-
tification: member - leader guide. CES 
4-H 145. 
Johnson, J. R. 1976. Irrigation management 
for alfalfa. Proc 10th ann SD Seed Trade 
Assn Short Course, pp 48-57. 
--, and A. J. Bateman. 1976. Irrigated alfalfa 
research - a community development con-
cept. 1976 Agron Abstr, p 15. 
--, --, H. Geise, and R. Stee. 1977. Butte 
County irrigated alfalfa demonstration pro-
ject - 1976 prog rept. - SDSU PS 31. 
Kingsley, Q. S.1976. Sunflower studies in SD. 
SDSU PS 30. 
--. 1976. Central Crops and Soils Research 
Station Ann Res Rept. SDSU PS 27. 
Kolar, J. J., and R. A. Kohl. 1976. Irrigating 
alfalfa for seed production. Univ ofldaho 
Current Information Series No. 357. 
Brown, M. J., J. L. Wright, and R. A. Kohl. 
1977. Onion-seed yield and quality as af-
fected by irrigation management. Agi:on J 
69:369-372. 
Krueger, C. R. 1976. Pasture systems that 
work. Abstr 26th Ann Soil and Moisture 
Conserv Clinic, p. 3-6. 
--. 1977. Seed mixtures for dryland pasture. 
Proc 10th Ann SD Seed Trade Assn Short-
course, pp 36-41. 
--. 1977. Alfalfa for dryland pasture and 
grassland improvement. Proc 7th Ann Al-
falfa Symposium, pp 11-15. 
--, and J. T. Green, Jr. 1976. Alternative 
pasture and forage systems for beef cow-
calf production. Cow-Calf Field Day Rept, 
pp 5-14. 
-.-, and C. J. Nelson. 1976. Evaluation of big 
bluestem, indiangrass, sideoats grama, and 
switchgrass pastures with yearling steers. 
Agron Abstr, p 109. 
Lay, C., C. D. Dybing, and P. Franks. 1976. 
Techniques of increasing seed yield in 
flax: Theoretical treatment. Flax Inst of the 
US, Proc 46:3-7. 
Malo, D. D. 1976. Soil test results on selected 
soil samples from Fall River County, SD. 
SDSU PS 26. 
Fixen, P., G. Lemme, D. Malo, and F. 
Shubeck. 1976. Soils laboratory manual. 
SDSU PS. 
Ross, J. G., and R. A. Moore. 1976. Harvesting 
range grasses for hay. Soc for Range Manag 
Absts, p 39. 
Moore, R. A. 1976. State Experiment Station 
Programs. Proc, Shelterbelts on the Great 
Plains. GPAC, pub 78. 
Otta, J. D. 1977. Occurrence and characteris-
tics of isolates of Pseudomonas syringae on 
winter wheat. Phytopath 67:22-26. 
Gardner, W. S., J. D. Otta, and L. S. Wood. 
1977. Tomato spotted wilt virus identified 
in South Dakota. Proc SD Acad of Sci 56. 
Fryda, S. 1977. Epiphytic movement and sur-
vival of Pseudomonas syringae on spring 
wheat. MS thesis, SDSU . 
Otta, J. D., and D. Hintz. 1976. Diseases and 
their control. Section V. Planting. Tree 
Planting Handbook for the Dakotas. 
Price, P. B., and J. G. Parsons. 1977. Barley 
breeding in SD. Barley Newsletter 20:65. 
Reeves, D. L., and H. S. Sraon. 1976. How an 
oat plant develops. SDAES B 645. 
--. 1976. Final report on the oat simulated 
hail study. 31 p. mimeo. 
Ross, J. G., and C. R. Krueger. 1976. Grass 
species and variety performance in South 
Dakota. SDAES B 642. 
Giles, J. F., and J. G. Ross. 1976. Grass-alfalfa 
variety test. Prog Rept, James Valley Ag 
Res and Ext Center. 
Ross, J. G., and D. F. Gross. 1977. Improving 
pasture use efficiency of smooth bromeg-
rass by selecting for regrowth. Sectional 
papers of XIII International Grassland 
Congress, Leipzig, Germany. 
Shubeck, F. E. 1976. Southeast South Dakota 
Experiment Farm 16th Ann Prog Rept, 
section on fertility and cultural practices. 
Smolik, J. D. 1976. Evaluation and control of 
plant diseases and nematodes on range. 
RPA208R, Range Research Needs in the 
Great Plains. Great Plains Ag Res Council 
Pub. 79, p 25-26. 
--. 1977. Nematodes associated with irri-
gated corn in South Dakota. SD Acad Sci 
56. 
--, and L. E. Rogers. 1976. Effects of cattle 
grazing and wildfire on soil-dwelling 
nematodes of the shrub-steppe ecosystem. 
J of Range Manag 29:304-306. 
Meyer, D. W., and F. R. Vigil. 1976. Recent 
bromegrass production and N recovery as 
influenced by 21 years of nitrogen fertili-
zation at six rates. Agron Abst, p 86. 
Vigil, F. R., D. W. Meyer, and D. 0. Erickson. 
1976. Brome grass quality changes induced 
by 20 years of nitrogen fertilization at six 
rates. Agron Abst, p 90. 
Westin, F . C. 1976. Geography of soil test re-
sults. Soil Sci 40(6):890-5. 
White, E. M., C. R. Krueger, and R. A. Moore. 
1976. Changes 'in total nitrogen, organic 
matter, available phosphorus, and bulk 
densities of a cultivated soil eight years 
after tame pastures were established. 
Agron J 68:581-583. 
Gartner, F. R., L. R. Roath, and E. M. White. 
1976. Advantages and disadvantages of 
prescribed burning. Symposium Proceed-
ings: Use of prescribed burning in western 
midland and range ecosystems. Utah State 
University, Logan. 
White, E. M. 1977. Effect on plant growth of 
constricting forces applied to the upper 
part of roots. Atron J 69:437-439. 
Rural Sociology 
Dargan, J. 1977. A study of factors associated 
with community satisfaction among resi-
dents of a South Dakota community. PhD 
thes,is, SDSU. 
Linder, R. L., R. T. Wagner, and R. M. Dimit. 
Attitudes and participation patterns of 
South Dakotans in selected areas of hunt-
ing and outdoor recreation. Paper, 21 Ann 
Summer Conf of the Central Mountains 
and Plains Section of the Wildlife Society, 
Junction City, Kansas. 
DeLong,J. W., R. T. Wagner, and R. M. Dimit. 
1976. Out there waiting for you. SD Farm 
and Home Research, 27(1):11-12. 
Hofland, S. An expanded role for nurses: A 
study of selected factors associated with 
the acceptance by senior nursing students. 
PhD thesis, SDSU. 
Wakefield, W. 1976. Correlates of leadership 
attractedness among instrumental and ex-
pressive voluntary service organizations in 
Fall River and Meade Counties in South 
Dakota. PhD thesis, SDSU. 
Wagner, R. T. 1977. Population projecting for 
South Dakota. SDSU Dept of Rural Soc, 
March, 1977. 
--. 1977. Population projecting for South 
Dakota. SDSU Dept of Rural Soc, June, 
1977. 
--. 1976. Demographic factors associated 
with demands for public higher education: 
1980 and 1990. Paper for SD Board of Re-
gents, Pierre. 
Hogan, E. P., and R. T. Wagner. The charac-
teristics, needs and future trends of South 
Dakota's older citizens. The Nation's 
Rural Elderly, Senate Special Committee 
on Aging, Part 5, pp 294-302, 332-343. 
Satterlee, J . L. 1977. Human relations 
resources-A guide to Extension-oriented 
publications. SDSU. Dept of Rural Soc. 
Station Biochemistry 
Bergeland, M. E., G. R. Ruth, R. L. Stack, and 
R. J. Emerick. 1976. Arsenic toxicosis in 
cattle associated with soil and water con-
tamination from mining operations. 19th 
Ann Proc Am Assn Vet Lab Diagnosti-
cians. 
Dunn, B. H., R. J. Emerick, and L.B. Embry. 
1977.· Sodium bicarbonate and sodium 
bentonite as buffering agents in high-
concentrate diets. SDAES AS Series 77-8. 
-- et al. 1977. Limestone as a buffering 
agent in high-concentrate diets. SDAES 
AS Series 77-9. 
Dunn, B. H. 1977. Sodium bentonite, sodium 
bicarbonate and limestone in high-
concentrate diets for ruminants. MS thesis. 
SDSU. 
Churn, J. C. 1977. Nutritional interrelation-
ships of mercury, selenium and arsenic in 
chicks. MS thesis, SDSU. 
--,--, B. D. Ammann, D. J. Call, K. C. D. 
Hamman and R. M. Pott. 1977. Insec-
ticides, polychlorinated biphenyls and 
metals in African lake ecosystems. I. Hart-
beespoort Dam, Transvaal and Voelvlei 
Dam, Cape Province, Republic of South 
Africa. Archives of Environmental Con-
tamination and Toxicology 6(1):1-12. 
Stotz, I. J., and Y. A. Greichus. 1977. The ef-
fects of a polychlorinated biphenyl (Aroc-
lor 1254) on the white pelican: Ultrastruc-
ture ofhepatocytes. Bull of Environmental 
Contamination and Toxicology 19(3). 
Kenefick, D. G., B. J. Kolp, and E. I. 
Whitehead. 1977. Relationship of ribonuc-
leic acid degrading enzymes to survival 
levels of winter barley phenotypes. Crop 
Sci, fall (in press). 
Kang, C. S., R. A. Nelson, C. W. Carlson, and 
0. E. Olson. 1976. Calcium metabolism 
and egg shell quality in laying hens. Proc 
8th Ann Poultry Day, pp 23-25. 
Olson, 0. E. 1977. Nitrates and prussic acid. 
Proc 10th Ann SD Seed Trade Assn Short 
Course, pp 42-47. 
--. 1976. Methods of analysis for selenium. 
Proc of Symposium on Selenium-
Tellurium in the Environment. University 
of Notre Dame, pp 67-84. 
--, E. E. Cary, and W. H. Allaway. 1976. 
Absorption of trimethylselenonium by 
plants. Agron J 68:805-809. 
--, et al. 1976. Fixation and volatilization 
by soils of selenium from 
trimethylselenonium. Agron J 68:839-843. 
Cary, E. E., W. H. Allaway, and 0. E. Olson. 
1977. Control of chromium concentrations 
in food plants. 1. Absorption and transloca-
tion of chromium by plants. Ag and Food 
Chemistry 25:300-304. 
Cary, E. E., W. H. Allaway, and 0 . E. Olson. , 
1977. Control ofchromium concentration ') 
in food plants. 2. Chemistry of chromiu ' 
in soils and its availability to plants. Ag and 
Food Chemistry 25:305-309. 
Cizadlo, G. R. 1976. Physiologic and em-
bryologic studies of the yellow (Nta) 
mouse. PhD thesis, SDSU. 
--, G. W. Bown,'and N. H. Granholm. 1977. 
Respiratory quotient alterations in obese 
yellow (Nia) mice. Proc SD Acad Sci 56, in 
press, ABS. 
--, N. H. Granholm, and G. W. Bown.1976a. 
Relationship of activity and obesity in 
genetically obese yellow (Nia) mice. Proc 
SD Acad Sci 55:97-99. 
--.1976b. Effect of the N allele on respiratory 
rate in mice. ABS, Ibid. 55: 179. 
--, N. H. Granholm, and R. C. Wagers. 1977. 
Aberrant body temperature regulation in 
obese yellow (A ~,a) mice. Ibid, vol 56, in 
press. 
Granholm, N. H., and G. M. Brenner. 1976a. 
Effects of cytochalasin B on the morula-
to-blastocyst transformation and trophob-
last outgrowth in the early mouse embryo. 
Exptl Cell Res 101: 143-153. 
--. 1976b. Latent effects on postblastocyst 
development of 4.0 ug/ml cytochalasin B 
pulses. Proc SD Acad Sci 55:106-112. 
--, and H. A. Draayer. 1976. Effects on cell 
junctions and cellular ultrastructure fol-
lowing long term 4.0 ug/ml cytochalasin B 
treatments of eight-cell ICR mouse em-
bryos. Proc SD Acad Sci 55:85-90. - · 
--, P. M. Johnson, and G. M. Brenner. 1977 
Preimplantation development of t"'32/t"': 
lethal mouse embryos in vitro. Ibid, vol 56, 
in press. 
Veterinary Science 
Kirkbride, C. A. 1977. Mastitis in beef cows. 
JAVMA 170: 1141-1142. 
--, D. Martinovich, and D. A. Woodhouse. 
Immunoglobulins and lesions in aborted 
bovine foetuses. New Zealand Vet J (in 
press). 
Reed, D. E, T. J. Langpap, and M.A. Anson. 
1977. Characterization of herpesviruses 
isolated from lactating dairy cows with 
mammary pustular dermatitis. Am J Vet 
Res, (in press). 
Ellis, R. P., and J. C. Kienholz. 1977. Heat-
labile enterotoxin produced by 
Escherichia coli serogroup 0149 isolated 
from diarrheic calves. Infection and Im-
munity 15:1002-1003. 
Call, D. J., H.J. Shave, H. C. Binger, M. E. 
Bergeland, B. D. Ammann, and J. J. Wor-
man. 1976. DDE poisoning in wild great 
blue heron. Bull Ent Cont Tox 
16(3):310-313. 
Reed, D. E., C. A. Daley, and H. J. Shave. 
1976. Reovirus-like agent associated with 1 , 
neonatal diarrhea in pronghorn antelope. J 
Wildl Dis 12:488-491. 
--, H. Shave, M. E. Bergeland, and C. E. 
Gates.1976. Necropsy and laboratory find-. 
ings in free living deer in South Dakota·, 
JAVMA, 169(975-979. 
Johnson, L. L. 1977. In vitro development of 
pre- and early postimplantation lethal yel-
low (A1/A 'y) mouse embryos. MS thesis, 
SDSU. 
-~, and N. H. Granholm. 1977. In vitro as-
sessment of lethal yellow (A)/AY) mouse 
• 
embryos throughout pre- and postblasto-
cyst development. Proc SD Acad Sci 56, in 
press, ABS. 
Johnson, P. M. 1976. Characterization of cell-
cell interactions in normal and tw32 
homozygous preimplantation mouse em-
bryos. MS thesis, SDSU. 
--, and N. H. Granholm. 1976. Quantitative 
electron microscopy of differences in cell-
to-cell contacts in uncompacted and com-
pacted eight-cell ICR mouse embryos. 
. Proc SD Acad Sci 55:178. ABS. 
--.1977.Do eight-cell t"'32 homozygotes un-
dergo compaction? Ibid, vol 56, ABS, in 
press. 
Wildlife and Fisheries Sciences 
Applegate, R. L., and R. W. Kieckhefer. 1977. 
Ecology of corixidae (water boatman) in 
Lake Poinsett, South Dakota. Am Midland 
Naturalist 97:198-208. 
Busiahn, T. R. 1977. Food, growth, and repro-
duction of white crappies (Promoxis 
Projects 
The following were active projects during 
the fiscal year which closed June 30, 1977. 
Principal investigator is listed with each. 
.illldministration 
wudies on the mechanism of gene action in 
the t 12/t12 embryonic mouse lethal, 
· Granholm. 
Phenology, weather, and crop yields (Remote 
Sensing), Myers. 
Telemetry system for the continuous in vivo 
monitoring of rumenal pH, Dracy. 
Farm management competencies possessed 
entering present needed pilot project, 
Hanson. 
Agricultural Engineering 
Climatic resources of the North Central Reg-
ion, Lytle. 
Forage production and utilization systems as a 
base for livestock production, Turnquist. 
An evaluation of multi-field irrigation sys-
tems, DeBoer. 
Trickle and sprinkler irrigation of shallow 
rooted vegetable and berry crops, DeBoer. 
Development of thermal comfort design 
criteria for agricultural machine operator 
enclosures, Turnquist. 
Relationship of daily and climatological 
weather variables to ag production in 
" South Dakota, Lytle. 
Livestock confinement and environmental 
control systems relationships with climate 
and environment, Hellickson. 
• Energy utilization and efficiency in ag pro-
duction, Hellickson. 
Evaluation and development of equipment 
for reduced tillage systems, Johnson. 
nalysis of Oahe irrigation distribution net-
work alternatives, Chu. 
nimal Science 
Improvement of beef cattle through breeding 
methods, Dinkel. 
annularis) and black crappies (P. 
nigromaculatus) in Lake Poinsett, South 
Dakota. MS thesis, SDSU. 
Rosen, R. A. 1976. Distribution, age and 
growth, and feeding ecology of paddlefish 
(Polyodon spathula) in unaltered Missouri 
River, South Dakota. MS thesis, SDSU. 
Tol, D. L. 1976. An evaluation of the fishery 
resource in a portion of the James River, 
South Dakota, scheduled for channel mod-
ification. MS thesis, SDSU. 
Walker, R. E., and R. L. Applegate. 1976. · 
Growth, food, and possible ecological ef-
fects of young-of-the-year walleyes in a 
South Dakota prairie pothole. Progressive 
Fish-Culturist 38:217-220. 
Bich, J. P., and C. G. Scalet. 1977. Fishes of 
the Little Missouri River, South Dakota. 
Proc of SD Acad of Sci 56(in press). 
Payer, R. D. 1977. Population and production 
estimates of fathead minnows (Pimephales 
promelas) in a South Dakota prairie wet-
land. MS thesis, SDSU. 
Scale_t, C. G. 1977. Summer food habits of 
sympatric stream populations of spotted 
bass, Micropterus punctulatus, and 
largemouth bass, M. salmoides, 
(Osteichthyes: Centrarchidae). South-
Amino acid supplementation of low protein 
diets for layers, Carlson. 
Low protein with amino acids for young tur-
keys as influencing aortic rupture, Carl-
son. 
Forage production and utilization systems as a 
base for livestock production, Turnquist. 
Nature and utilization of genetic variation in-
fluencing economic traits in poultry, Mor-
gan. 
Feeding and management systems for feedlot 
bulls, heifers, and steers, Embry. 
Characterization of cellulosic wastes as poten-
tial ruminant feeds, Kamstra. 
Increased efficiency of range lamb produc-
tion, Slyter. 
Evaluation of operation research methods 
with particular reference to livestock en-
terprises in South Dakota, Dinkel. 
Protein and amino acid nutrition for swine, 
Wahlstrom. 
Ingredient alternatives in swine.diets as inter-
related with facilities and management 
systems, Wahlstrom. 
Procedures for controlling insects affecting 
livestock, Kohler. 
Physical and chemical properties of ruminant 
diets, Embry. 
Nitrogen supplementation for ruminants, 
Embry. 
Mating and management systems for com-
mercial beef production, Deutscher. 
Range improvement techniques, Gartner. 
Effect of range condition on beef production, 
water balance, and energy balance of 
grassland ecosystems, Lewis. 
Composition, nutritive value, and stability of 
poultry meat and egg products, Carlson. 
Preparation, preservation, and storage of 
livestock feeds, Luther. 
Systems of marketing cereal grains and for-
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Schneider. 
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Causes of fatty liver hemorrhagic syndrome, 
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Nutrient requirements and management in-
terrelationships of sows, Wahlstrom . 
Management systems for efficient lamb pro-
duction, Slyter. 
Improvement of reproductive efficiency of 
livestock, Slyter. 
Fabricated meat characteristics, Costello. 
Dietary stimulants in poultry production, 
Carlson. 
Amino acid requirement~ of laying hens, 
Carlson. 
Botany-Biology 
Effects of zooplankton grazing on nuisance 
algal blooms, Haertel. 
Development of tissue culture techniques for 
use in breeding monocot species, Chen. 
Epidemiology and control of wheat streak 
mosaic virus, McMullen. 
Tissue culture of endangered plant species 
and their establishment on protected 
areas, Holden. 
Dairy Science 
Analysis of dairy products, Baker. 
Nutrition of high producing dairy cows, 
Schingoethe. 
Improving large dairy herd management prac-
tices, Muller. 
Improving dairy cattle through breeding, 
Voelker. 
Nutritional and agronomic evaluation of 
brown midrib mutants of corn, Muller. 
Whey utilization by dairy cattle, Schingoethe. 
Feeds and feed additives for dairy cattle, Voe-
lker. 
Improving quality, yield, and economic con-
tributions of dairy products, Spurgeon. 
Effects of composition and processing on nut-
rient quality and consumer acceptance of 
dairy foods, Parsons. 
Economics 
Economics and institutional arrangements for 
viable communities in the Great Plains, 
Morse. 
Feasibility of development additional ·beef 
processing facilities in South Dakota. 
Analyses of adjustments to changing market · 
and price relationships for various South 
Dakota grains, Sogn. 
Enterprise production coefficients for use 
with a budget generator, Allen. 
Impact of changing transportation systems on 
South Dakota grain and farm supply mar-
keting firms. 
Economic and public finance impacts and al-
ternative land use developments, Morse. 
Income variability and diversification of crop 
and livestock enterprises for South Dakota 
farming operations, Peterson. 
Organization and control of the US food pro-
duction and distribution system, Olson. 
Economics of machinery ownership and use 
on northern Great Plains farms, Daves. 
Entomology-Zoology 
Survey entomologist, Walgenbach. 
Alfalfa insect man_agement in South Dakota, 
Walstrom. 
Effects of ammonia loads on mammalian tis-
sue, Roller. 
Lungworm and other parasites in wild rumin-
ants of South Dakota, Hugghins. 
Ecology and control of the western and north-
ern corn rootworms in South Dakota, 
Walgenbach. 
Biology, ecology, behavior, and control of 
blood-sucking Diptera in South Dakota, 
Balsbaugh. 
Effect of above-ground invertebrates on net 
primary production in a grassland ecosys-
tem, McDaniel. 
Nutritional and metabolic interrelationships 
enhancing absorption and placental trans-
fer of iron and other nutrients, Swanson. 
Use of antifungicide implants as prophylaxis 
for aspergillosis in domestic and aviary 
birds, Greichus. 
Home Economics 
Performance of sheetings differing in fiber 
content and ease of maintenance, Lund. 
Utilization of cereal grains, dairy products, 
and soy proteins to modify nutritional 
quality of foods, Deethardt. 
Availability of phosphate as a regulator of 
carbohydrate-lipid metabolism, Guild. 
Low temperature home laundry, effective-
ness, and energy consumption, Sivers. 
Nutritional impact of fat-altered diets, John-
son. 
Cost, absorbency, and durability of disposa-
ble and non-disposable diapers, Hur-
locker. 
Utilization and nutritional value of bison 
meat. Deethardt. 
Analysis of soil retained after low temperature 
laundry of toweling and sheeting, Hur-
locker. 
Preparation, utilization, and nutritional value 
of selected wildlife meats: turtle, coot, and 
paddlefish, Deethardt. 
Lamb meat consumption patterns and con-
sumer preferences: Socioeconomic fac-
tors, Johnson. 
Horticulture-Forestry 
Analysis of parks and outdoor recreation site 
resource potential, and park and recreation 
patterns, Nordstrom. 
Development and testing of improved tomato 
varieties or hybrids for home and commer-
cial production in South Dakota, Prashar. 
Improved fruit cultivars and cultural practices 
for South Dakota, Peterson. 
Selection, propagation, and culture of annu-
als, herbaceous'perennials, and woody or-
namentals for the northern Plains, Klett. 
Growth and cold hardiness response of woody 
ornamentals to different nitrogen sources, 
Klett. 
Physiological and morphological characteris-
tics of trees suitable for environmental tree 
plantings in South Dakota, Baer. 
Collecting, preserving, cataloging, propagat-
ing, and testing of fruit plants having po-
tential genetic value, Peterson. 
Increasing vegetable production in South 
Dakota, Prashar. 
Establishment and growth of trees and shrubs 
for environmental tree plantings in South 
Dakota, Collins. 
Microbiology 
Purine synthesis, regulation, and mutants of 
soil bacteria and nitrogen fixation, Westby. 
Incidence of Listeria in the environment with 
respect of overt listeric infection in lives-
tock, Wilkinson. 
Market quality of convenience (pre-cooked, 
frozen; packaged) foods and bacterial 
hazards of anaerobic bacteria, Middaugh. 
Role of nitrogen-fixing organisms in soil fertil-
ity, Pengra. 
Animal w-aste management systems for the 
1980's, M{tldaugh. 
Plant Science 
Breeding of superior fi~ld com hybrids, 
Shank. 
Foundation seed stocks, Weber. 
Seed certification, Colburn. 
Seed testing, Gelderman. 
Crop performance testing, Bonnemann. 
Crop and soil management with and without 
supplemental water, Fine. · 
Spring wheat breeding. 
Determination of soil properties and ecologi-
cal selection of range and pasture plant 
species, White. 
Development of oats, flax, and rye adapted to 
South Dakota, Reeves. 
Breeding and testing of barley for South 
Dakota and upper Midwest conditions, 
Price. 
Flax breeding, cultural practices, and disease 
resistance, Lay. 
Epidemiology and control of wheat streak 
mosaic virus, Gardner. 
Environmental accumulation of nutrients as 
affected by soil and crop management, 
White. 
Root-infecting fungi, Semeniuk. 
Crop and soil management and associated 
plant-plant environment relationships, 
Evenson. 
Breeding and testing of superior grasses 
adapted to South Dakota, Ross. 
Breeding alfalfa for grazing, Rumbaugh. 
Ribonuclease as a determinant or as an as-
sociative factor in winter hardiness of bar-
ley, Kenefick. 
Forage production and utilization systems for 
raising, growing, an,d finishing cattle in the 
northern Great Plains, Green. 
Development of a soil testing and soil fertility 
program that will increase the productivity 
of South Dakota soils, Carson. 
Investigations of range improvement and crop 
production in western South Dakota b- · 
several agronomic methods, Johnson. n 
Biology and control of nematodes associate 
with field crops, grasses, and legumes, 
Smolik. 
Root patterns, plant water uptake, and soil 
water relations as modified by deep plow-
ing natraborolls, Kohl. 
Local soil geography and soil fertility rela-
tionships on South Dakota landscapes, 
Malo. 
Influence of fall and spring temperatures on 
survival, heading dates, and seed yields of 
eight winter wheat cultivars, Kenefick. 
Detection, survival, and control of plant 
pathogenic bacteria on seeds and plant 
propagative materials, Otta. 
Forage production and utilization systems for 
growing and finishing beef cattle, Green. 
Winter wheat improvement, Wells. 
Cultural practices for improving the effi-
ciency and stability of crop production in 
South Dakota, Shubeck. 
Identification and control of shelterbelt and 
ornamental tree diseases in South Dakota, 
Otta. 
Plant growth control, Arnold. 
Identification of physiological factors which 
may limit yield in flax and soybe::i.ns, Dyb-
ing. 
Relating soil and landscape characteristics to 
land use, Westin. 
Sunflower management for production and 
insect control, Kingsley. 
Educational and diagnostic services for iden. ,· 
tifying plant diseases for crop produce' 
and general public, Mankin. 
Rural Sociology 
Factors associated with farmers and ranchers 
· leaving agriculture in South Dakota, 
Dimit. 
Community leadership and organizational in-
terrelations in Fall River and Mead coun-
ties, Wagner. 
Population re-distribution in the North-
Central region-pre/post 1970, Riley. 
Career interests and aspirations of native 
American youth residing in reservation 
areas in South Dakota, Hess. 
Veterinary Science 
Agalactia syndrome of sows, Ellis. 
Bacteriologic, serologic, and enterotoxigenic 
studies of bovine neonatal colibacillosis, 
Ellis. 
Diagnosis of bovine abortion, Kirkbride. 
Reo-like virus enteric infection in swine 
McAdaragh. ' 
Investigations of colibacillosis and salmonel-
losis in pigs, Ellis. 
Viral related reproductive problems in swine, \\ 
McAdaragh. 
Station Biochemistry 
Analytical services, Olson. 
Biochemistry of selenium, Palmer. 
Mercury in our environment, Emerick. 
~/ 
Role of zinc in tryptophan synthesis and 
growth regulation in corn, Whitehead. 
Mineral nutrition and metabolism in live ~ 
tock, Emerick. ~ 
Physiological effects of polychlorinated 
biphenyls on animals, Greichus. 
Wildlife and Fisheries Sciences 
Ecology of wetlands and waterfowl produc-
tion in eastern South Dakota, Flake . 
• 
cological study of ring-necked pheasants in 
east-central South Dakota, with special re-
ference to habitat and predation, Flake. · 
Fish production in South Dakota farm and 
ranch waters, Scalet. 
Quantification of physical and biological 
characteristics of shelterbelts and 
windbreaks in eastern South Dakota as 
avian habitat, Vohs. 
Population status of beaver on the free-
running Missouri River in South Dakota, 
Vohs. 
Food habits, taxonomic status, and prey in-
teractions of the coyote in South Dakota, 
Schitosky. 
Wildlife research unit, Linder. 
Fisheries unit, Applegate. 
Budget 
SOUTH DAKOTA AGRICULTURAL EXPERIMENT STATION 
Source of Funds 
1. State Appropriations (General Fund) 
2. Continuing Federal Appropriations (Hatch & RRF) 
3. Continuing Federal Appropriations (M/S) 
4. Federal Grants and Contracts (USDA) 
5. Federal Grants and Contracts (Not USDA) 
6. State Agencies Grants 
7. Private Grants and Contracts 
•
Internal, Statewide, and Industry Services 
Replacement Livestock & Feed Purchases 
t 
• 
TOTAL 
Sales Income to General Fund 
Net Support from General Fund 
6-30-76 
$2,814,100.00 
1,136,861.00 
50,805.00 
40,205.75 
232,207.46 
92,263.01 
245,246.95 
151,772.12 
817,734.41 
$5,581,195.70 
9,580.57 
2,804,519.43 
6-30-77 
$2,993,200 
1,300,451 
55,886 
149,347 
271,354 
109,078 
218,608 
360,294 
662,495 
$6,120,713 
8,976 
2,984,224 
